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X-RAYS. I. 


By CLEMENT D. CHILD, 


—" the first article published by Roentgen announcing the dis- 

covery of the X-rays, there have been only a few points 
established which give further knowledge concerning their properties. 

Of these the discovery that X-rays discharge an electrified body is, 

perhaps, the most important. Some contradictions concerning this 

phenomenon led me to study it, in order to determine, if possi- 

ble, the effect on the rate of discharge produced by a variation in 

the density of the air surrounding the electrified body. | Before 

giving my own work, it will not be out of place to review briefly the 

articles on this subject which have already been published. 

Resumé of Articles Published —Lenard had found that the cathode 
rays would discharge electrified bodies, and Roentgen! was aware 
that X-rays possessed this same property at the time of the first 
announcement of his discovery. The first published accounts of 
this effect, however, were given almost simultaneously by Benoist 
and Hurmuzescu* under date of February 3, 1896, and by J. J. 
Thomson,’ on February 7. 


Question of Final Charge.—Concerning the fact of discharge there 





has never been any question, but very contradictory results were ob- 
'Sitz. der Wuerzb., phys.-med. Ges., March, *96. 
*C. R., 122, p. 235. 3 Lond. Elec., 36, p. 491. 
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tained by the first experimenters as to the complete discharge of a 
body, and as to the charging of a body originally unelectrified. 
Benoist and Hurmusezcu' state that the discharge is complete, and 
that it is more rapid if it be of the negative sign. Borgman and 
Gerchun® state that a zinc plate loses a positive charge rapidly and 
then becomes negatively charged to a certain fixed value; but if 
charged negatively at first, the charge is dissipated far more slowly 
and stops at the same value as before. 

Righi*® says that rays act upon non-conductors as well as con- 


ductors, and that the ultimate charge depends upon the kind of 
1 
20 


of a volt. Minchin’ states that some metals become positively 


metal. Perrin‘ states that there is no final charge greater than 


charged and others negatively, when X-rays strike upon them. The 
order in the list which he gives agrees very closely with that in the 
list of metals given for contact potential differences. 

Apparently, little thought was given in these experiments to the 
substance surrounding the metal from which the discharge took 
place. More attention has been given by later experimenters to 
this point, and more consistent results have been obtained. Murray ° 
found that when X-rays passed between zinc and tin-foil the metals 
took on final charges corresponding to those they would have if con- 
nected by acidulated water. Perrin,’ and Lord Kelvin, Beattie, and 
Smolan* found the same thing to be true in the case of several 
metals. The latter are of the opinion that there is no variation in the 
final potential due to variation in the intensity of the rays. Murray 
states that the final potential does depend somewhat upon the intensity 
of the rays striking the plate. Righi’ found that the pressure of 
the air at which the charging effect of the rays is greatest is lower 
than atmospheric pressure, and higher than the corresponding air 
pressure for ultra-violet light. 

Measurement of Discharge with a Galvanometer.—As has been 
stated, the later results indicate that the air through which the 
X-rays are passing acts like acidulated water. This idea led Min- 


1C. R., 122, pp. 235, 779 993. 6 Proc. Roy. Soc. Lond., 59, P- 333 


2C. R., 122, p. 378. 7C. R., 124, p. 496. 
3C. R., 122, pp. 376 and 601. 8 Nature, 55, p. 344. 
4L’Ecl. El., 7, p. 525. 9C. R., 122, p. 878. 


5 London Elec., 36, p. 736. 
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chin' to endeavor to detect, by means of a galvanometer, the 
presence of a current when discharge is caused by X-rays. Having 
found the resistance in megohms between the plates where the dis- 
charge took place, he computed the current that should flow, and 
though his galvanometer was abundantly sensitive, he was unable to 
detect any sign of such a current. However, he made the assump- 
tion in this work that the current should obey Ohm’s law, and, as 
will be shown later, this is an incorrect assumption. Whether this 
would entirely invalidate Minchin’s work or not, is not certain. 

Perrin found quite the opposite result from that found by Minchin. 
He states * that when X-rays were allowed to pass between a copper 
and a zinc plate, a current of 7x 10~* ampere was produced as 
measured by a galvanometer. The area of each plate was 100 cm.’ 
and there was no electromotive force except that caused by the 
X-rays between the copper and zinc plates. 

Discharge by Roentgenizsed Air.—I\t was soon found that it was not 
necessary for the X-rays themselves to strike the electrified body in 
order that discharge should take place. It is sufficient if the body 
is in an atmosphere through which the X-rays have passed. Various 
experiments to show this were given by Villari*® and others. 

Discharge in Different Gases.—The discharging effect in different 
gases has been studied by Roentgen, J. J. Thomson, and others. 
Roentgen, in the article to which reference has already been made, 
states that the action is somewhat slower in hydrogen than in air. 
Righi*‘ states that the rate of discharge varies as the density of the 
gas in which the discharge occurs. 

Benoist and Hurmuzescu’ give the rates of discharge in air, CO,, 
and H, and find that these rates are approximately proportional to 
the square roots of the densities. 

Thomson and McClelland® give the relative rates of discharge in 
several different gases. The data there given do not agree with the 
law stated by Benoist and Hurmuzescu. They conclude from their 
table ‘that the electrical conductivity of the heavier gases, when ex- 
posed to the Roentgen rays, is greater than that of the lighter gases; 


' Lond. Elec., 38, p. 789. 4Nuovo Cim., 3, p- 177. 
2C. R., 124, p. 497. 5C. R., 122, p. 926. 


3Rend. Acc. Linc. 5, p. 35. ® Proc. Camb. Phil. Soc. 9, p. 128. 
5, p- 35 9, | 
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the order of the electrical conductivity does not, however, exactly 
correspond with the order of molecular weight. A very marked 
feature of the table is the high conductivity of the halogens. The 
high conductivity of mercury vapor is very remarkable, for this gas 
allows the ordinary electrical discharge to pass through only with 
great difficulty, whereas under the influence of the Roentgen rays it is 
one of the best conductors among the gases investigated.” 

Thomson and Rutherford’ found that in the case of hydrogen 
the discharge was smaller than through air when small E.M.F.’s 
were used, and larger when large E.M.F.’s were used. 

Discharge with Different Densities of the Gas.—The effect on the 
rate of discharge caused by varying the pressure of the surrounding 
gas has been studied by Perrin,’ Villari,* Benoist and Hurmuzescu,' 
and Thomson and McClelland.’ Perrin and Villari state that the 
rate of discharge is proportional to the density of the surrounding 
gas, but no data are given by them. The others reached the con- 
clusion that the rate of discharge varies as the square root of the 
density. Benoist and Hurmuzescu determined this rate by noting 
the time required for the leaves of an electroscope to fall from a 
given initial to a given final position. The potential to which the 
electroscope was charged is not given, but was presumably quite large. 

Thomson and Rutherford studied this effect in several different 
gases. They used an electrometer and noted the time that it took 
for the potential of the charged body to fall a definite amount. The 
data given by them for air and coal gas agree fairly well with the 
law that the rate of discharge is proportional to the square root of 
the density ; but if their data in the case of sulphuretted hydrogen, 
and especially in the case of sulphur dioxide, be plotted, the curves 
seem to show a systematic deviation from this law. 

Roentgen makes the statement that the discharge was found to be 
much slower at quite low pressures than at atmospheric pressure. 
Righi® states that under ordinary conditions the discharging effect of 
X-rays diminishes as the density of the air is diminished, while the ef- 
fect due to ultra-violet light increases. The results of my own ex- 

1 Phil. Mag., 42, p. 392. 4C. R. 122, p. 926, and 123, p. 1265. 


2C. R., 123, p. 878. 5 Proc. Camb. Phil. Soc., 9, p. 128. 
3 Nuovo Cim., Sept., 1896. 6C.R., 122, p. 878. 
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periments on the effect produced by varying the density of the gas 
will be given elsewhere in this article. 

Discharge at Different Temperatures.—Perrin states that the rate 
of discharge is proportional to the absolute temperature, but no 
data are given in support of this view. Thomson and McClelland 
find that as the gas is heated its conductivity reaches a maximum 
and then diminishes. 

Discharge with Different Potential Differences—The rate of dis- 
charge increases as the potential of the charged body increases. 
However, the increase does not obey Ohm’s law. This effect has 
been studied by Thomson and Rutherford'. For low potentials the 
rate of discharge is found to obey Ohm's law fairly well, but as the 
potential is increased the current tends to approach a limiting value. 

Discharge with Different Distances between the Plates —Thomson 
and Rutherford also studied the effect upon the rate of discharge 
caused by varying the distance between the charged body and a 
grounded body placed near to it. Contrary to what might have 
been expected, it was found that the nearer the plates were together, 
the less rapid the discharge. This result is also confirmed by Righi’. 

Discharge from Different Metals —Benoist and Hurmuzescu’ state 
that the time taken for a given discharge varies with the metal from 
which the discharge takes place, and that the rate of discharge is 
inversely proportional to the transparency of the metal for X-rays. 

Discharge through Solid Dielectrics—There has been some dis- 
cussion as to whether discharge takes place in the case of a solid 
non-conductor. J. J. Thomson’s first statement was that non-con- 
ductors behave as conductors when acted upon by X-rays. This 
statement, however, has been questioned by other experimenters. 
Villari‘ states that there is no discharge through paraffin, even when 
there is only a thin layer of it. A more correct statement of the case 
seems to be given by Thomson’ He states that when a charged 
body surrounded by paraffin is placed in the path of the X-rays, 
there is at first a large leakage of electricity into the paraffin, but that 
this action soon stops. If then the charged body be grounded while 

1Phil. Mag., 42, p. 392. 4 Nuovo Cim., May, 1896. 


2 Rend. Acc. dei Lincei., 5, p. 342. 5 Nature, 54, p. 302. 
SC. R., 122, p. 779. 
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the X-rays are turned off, upon turning them on again there is a 
large discharge of electricity out of the paraffin. This electricity may 
be held by the paraffin a long time, if it is not acted upon by the 
X-rays. Lord Kelvin, Beattie, and Smolin' came to the conclusion 
that paraffin and glass are not rendered sensibly conducting by the 
X-rays. Burke® came to the same conclusion. Righi* states that 
solid and liquid non-conductors do not become conductors ; in petro- 
leum and vaseline the discharge soon stopped, but in sulphuric ether 
it was very much increased. In the latter part of this article an ex- 
periment is described bearing upon this point. 

Electrification of the Air.—Lord Kelvin, Beattie, and Smolan‘ state 
that the air under the action of the X-rays, and in the neighborhood 
of a charged body, becomes electrified. Rutherford’ also found this 
tobe true. He states that the amount of electrification is proportional 
to the conductivity of the gas and to the absorption of the rays by 
the gas; the amount of electrification does not depend upon the 
amount of dust in the air, nor is it affected materially by the metal 
from which the discharge takes place. It is greatly affected, how- 
ever, by the kind of gas through which the discharge occurs. There 
appears to be some conflict regarding the character of the charge 
given to the air. The first writers state that it is always negative. 
Rutherford states that the charge in the air is always opposite in sign 
to that of the metal from which the discharge takes place. _ It is diffi- 
cult to see why either of these statements should always be true, and it 
would seem that more experimental data upon this point are needed. 

Law of Inverse Squares.—It has been found by Thomson and 
McClelland, and by others, that the rate of discharge varies inversely 
as the square of the distance from the tube giving off the rays. 

Allied Phenomena.—Several phenomena are known which are more 
or less allied with the discharging effect of X-rays.  Villari® states 
that gases which are in this Roentgenized condition have either a 
greater thermal capacity or a greater thermal conductivity. This he 
says is shown by heating a platinum wire to red heat by a current. 
When the X-rays are turned upon the wire, it becomes perceptibly 


1 Nature, 55, pp- 472, 498. ‘Nature, 55, p. 199. 
2 Lond. Elec., 37, p. 374- 5 Phil. Mag., 43, p. 241. 
3 Rend. Acc. Linc., 5, p. 342. ®C, R., 123, p. 398. 
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cooler. Upon trying this experiment in a crude manner myself, I 
was unable to detect any such effect. 

Villari' also states that Roentgenized air is in a condition opposite to 
that which is produced when ozone is formed ; that the two neutralize 
each other in their effects; and that on sending Roentgenized air 
through an ozonizing apparatus, its peculiar properties are destroyed. 

Attention has also been called to the fact that gases may be given 
the ability to discharge electrified bodies by other means than the 
X-rays. Thus Villar’ states that the air acquires this property when 
sparks pass through it, and Garbasso’ states that discharge takes place 
when the products of combustion strike a charged body. A discus- 
sion of these phenomena will be found in Wiedemann’s Electricitat 
IV., p. 870. 

Righi‘ states that the discharge takes place along lines of force. 

Frankland’ thinks that if ionization occurs, there should be a 
change in the rotatory power in the case of optically active sub- 
stances. He did not, however, find such to be the case. 

Discharge by Becquerel Rays.—Becquerel® has found that the 
invisible rays emitted by uranium have the same power of discharg- 
ing electrified bodies. He finds that the effect is in every way simi- 
lar to the discharge produced by X-rays. Among other things he 
finds that the rate of discharge is proportional to the square root 
of the density of the surrounding gas. 

Discharge by X-rays Compared with that by Ultra-violet Light.— 
To compare the discharging effect of X-rays with that of ultra-violet 
light is, of course, one of the first things to suggest itself, but the 
differences in the two effects are of such a radical character that it 
seems scarcely worth while to go into detailed comparison.’ The 
ultra-violet light discharges negative electricity only, while the 
X-rays act alike on positive and on negative. Ultra-violet light 
produces no effect except when it shines on the body to be discharged. 
In the case of the X-rays, however, it is only necessary that the air 
through which the rays have passed should strike the charged body. 


'C. R., 124, p. 558, and elsewhere. 4C. R., 123, p. 399. 
2C. R., 123, p. 598. 5 Nature, 53, p. 356. 
> Nuovo Cim., 4, p- 24. 6C. R., 124, p: 483. 


"See article by Merritt on ‘‘ The Influence of Light upon the Discharge of Electrified 
Science, 4, pp. 853 and 8go. 
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With ultra-violet light the kind of metal and the character of the 
surface have a great effect upon the rate of discharge ; with X-rays 
these have almost no effect. 

With the ultra-violet light there is a disintegration of the surface 
from which the discharge takes place. This phenomenon has not 
been shown to accompany discharge by means of the X-rays. I 
am not aware, however, that any attempt had been made to find an 
effect due to X-rays similar to that observed by Righi, showing that a 
charged plate is driven away from ultra-violet light, or to that of 
Lenard and Wolf, showing the roughening of a surface from which 
discharge takes place. 

Experiments have been made showing that an effect is produced 
on the formation of fog, when steam is ready to condense, both by 
the ultra-violet light and by the X-rays; but there would appear 
to be a radical difference between the effects in the two cases. _ Len- 
ard and Wolf find that the ultra-violet light has no effect upon the 


formation of fog, unless the action takes place in the neighborhood 


g, 
of a charged body so that there may be dust particles driven off 
from it. Wilson! and Richardz* do not mention the necessity of a 
charged body when performing the similar experiment with X- 
rays, but think that the action is due to some effect upon the gas 
itself. 

Since it has not been found possible to polarize X-rays, no 
phenomenon has been observed with them similar to the effect 
observed when using ultra-violet light. However, Heydweiler * 
states that he found the X-rays more effective in discharging an 
elecrified body when the incidence was nearly grazing. If this 
should prove to be true it would be an important similarity between 
the two classes of phenomena. 

It has been found that a strong magnetic field has a great in- 
fluence on the amount of discharge caused by the ultra-violet 
light. I am not aware that any experiments have been undertaken 
for the purpose of showing a similar effect in the case of the X-rays. 

It has been found that if polarized light is used, the greatest dis- 
charge takes place when the plane of polarization is such that 

1 Roy. Soc. Lond., 59, p. 276. 3Chem. Zeitung, 53, p. 521. 
2Wied. Ann., 59, p. 594. 
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there is the greatest absorption at the charged surface; and in gen- 
eral the discharging effect is greatest when there is the most absorp- 
tion at the surface. But in the case of the X-rays the rate of dis- 
charge seems to depend more on the absorption of the rays by the 
gas surrounding the body, than upon the absorption by the sub- 
stance from which the discharge takes place. Rutherford! states 
that there is a very great difference in the conductivity of different 
gases, and that this conductivity is proportional to the absorption 
of the rays. It would not appear from his experiments that the 
character of the metal affected the rate of discharge. However, 
Benoist and Hurmuzescu * find that the amount of discharge depends 
somewhat on the character of the metal used, and they state that 
the metals which discharge best are those which absorb the X- 
rays most. If this is confirmed by further experiment it will show 
that the action of the ultra-violet light is more similar to that of 
the X-rays in this respect than would now appear. 

According to Stoletow the rate of discharge becomes smaller, in 
the case of ultra-violet light, as the distance between the plates is 
made greater. According to Thomson and Rutherford the rate of 
discharge in the case of the X-rays, under the same circumstances, 
becomes larger. 

There are, however, a few points of similarity in the two effects : 
In both the discharge does not increase as rapidly as the potential 
of the charged body, when the latter is varied. It would appear 
that currents may be produced by X-rays similar to the photo- 
electric currents of Stoletow. If the metals be arranged according 
to their tendency to acquire a positive or negative charge, the order 
in the two cases will be approximately the same, and will correspond 
to a series for contact difference of potential. It has been found by 
Cave,* Borgman and Gerchun,' Sella and Majorana,’ Swyngedauw,” 
and Guggenheimer ‘ that the effect on the sparking distance is nearly 
the same in the two cases. The effect due to changing the density 


of the gas will be considered in connection with my own work. 


1 Phil. Mag., 43, p. 241. 5 Rend. Acc. Line., 5, pp. 323 and 389. 
2C. R., 122, p. 779. 6C. R., 122, p. 374- 
3Tond. Elec., Feb. 21, ’96. 7C. R., 124, p. 259. 


*C. R., 122, p: 378. 
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Theory.—Most experimenters are agreed that the effect is due to 
the fact that the gas becomes a conductor under the influence of 
the rays. The most probable explanation seems to be that given by 
J. J. Thomson, that the gas is in some way dissociated. This would 
explain all the phenomena much better than any other theory which 
has at yet been proposed. This theory will be discussed more in 
detail in the latter part of this article. 


Experimental Work. 

Description of Apparatus Used.—My own work has been devoted 
chiefly to the study of the relation between the rate of discharge and 
the density of the surrounding gas. The apparatus used in the 
present work is shown in the accompanying diagram. The zinc 
plate, 4d, was connected to two quadrants of the electrometer, £, 
and placed inside a zinc box, 7, from which it was insulated. 
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Both the plate and the box were carefully cleaned. One end of 
the box was partially open so that the X-rays could strike the plate 
at grazing incidence. The box and the plate were placed within a 
bell jar, C, the rays entering at the end of the jar. Over this end 
a thin piece of board was sealed. This had been soaked in paraffin 
and was found to be sufficiently air-tight. It possessed the advan- 
tage of being almost entirely transparent to X-rays, much more so 
than aluminum. It could be removed from the jar and the metal 
removed or its condition changed. The bell jar was connected to 
an air pump and to a manometer. 
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In most of the experiments the induction coil was operated by a 
magnetic interrupter. The coil, /, was placed within a metal box, D, 
which had an opening for the rays to pass through. This opening 
was covered with wire gauze to screen off electrostatic induction. 

Care was taken to avoid ordinary electrical leakage. The electrom- 
eter and its connections were protected from the action of the X- 
rays by the sheet of lead, /, and they were also protected from the 
action of the air through which the rays had passed. The zinc plate 
which was used with most of the experiments had an area of 40 
cm.” The sides of the box were 2 cm. from the plate. 

The tube used was a Bowdoin tube and had previously had much 
use. It appeared to be more constant in its action than other tubes 
tried. 

Method of Taking Observations.—The method first employed was 
to ground the plate for an instant, and after insulating it to allow the 
rays to act for a given length of time, usually six seconds, between 
the plate and the box, the box being kept charged to a given poten- 
tial. It was found that ordinary electrical leakage could best be 
avoided in this way; the result was the same, of course, as dis- 
charging the plate to the box, and will be spoken of as such in 
what follows. 

Several observations were made in each case and the average 
taken. The difference of potential between the plate and the box 
did not, of course, remain the same through the discharge ; but by 
taking an average between the initial and the final difference of po- 
tential, a fairly satisfactory result could be obtained. The work is 
not capable of sufficient accuracy to warrant any more elaborate 
correction, for it is very difficult to keep the action of a Roentgen 
tube perfectly constant. 

Discharge with Different Densities of Gas.—It has already been 
stated that the relation between the rate of discharge and the density 
of the surrounding gas has been found to be different under different 
circumstances. The potential at which the discharge took place 
had the greatest effect upon this relation. Ifa curve be plotted with 
pressures of gas as abscissz, and rates of discharge as ordinates, the 
curve will be found to take different forms as the potential is varied. 
The accompanying tables gives data showing the rates of discharge 
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TABLE I. 
Initial Difference of Potential in Volts. 6 11 20 35 
1.3 1.2 1.6 1.7 
Fall of Potential in Scale 1.5 i 3 1.8 1.8 
25 mm. Readings. 1.7 1.4 1.3 1.6 | . 
1.8 1.5 1.6 1.7 
Average Fall. 1.6 1.4 1.6 1.7 
Average Fall in Volts. 8 7 8 85 
3.2 3.1 3.2 3.2 
Fall of Potential in Scale 3.1 3.4 3.4 3.1 
75 mm. | Readings. 2.8 3.4 2.6 3.5 
2.7 3.1 2.9 3.3 
Average Fall. 3. 3.2 3. 3.4 
Average Fall in Volts. 1.4 1.47 1.4 1.55 
3.1 4. 4. S. 
Fall of Potential in Scale 3.1 4.1 4.8 4.5 | 
Readings. 3.3 3.9 4.4 5.1 
150 mm. 3.7 4.2 3.8 4.7 
ss Average Fall. 3.3 4. 4.3 4.8 
Average Fall in Volts. 1.5 1.8 1.95 2.15 
3.7 4.8 6. 6.5 
Fall of Potential in Scale 3.9 5.2 4.8 6. 
Readings. 3.9 4.6 5.6 6. 
250 mm. 3.5 4.3 5.2 6.2 
Average Fall. 3.6 48 54 62 
Average Fall in Volts. 1.65 2.15 2.4 2.77 
ica 2.6 4.2 6.2 7.5 
Fall of Potential in Scale 3.1 4.1 5.5 8. 
Readings. 2.8 3.8 6. 7.8 
500 mm. 2.8 4.3 5. 8. 
Average Fall. 28 41 5.9 7.8 
Average Fall in Volts. 1.3 1.87 2.65 3.3 
2.6 3.8 6.3 8.5 
Fall of Potential in Scale 2.6 3.4 6.4 10. 
Readings. 2.8 3.9 6.8 9.8 
760 mm. 2.8 4. 6.2 9.4 : 
| Average Fall. 2.6 3.9 6.4 9.4 
Average Fall in Volts. 1.2 18 | 2.8 3.88 


at different potentials and at different pressures, and from this table 
curves are plotted in Fig. 2 for initial potentials of 6, 11, 20, and 

















No. 4.] DISCHARGE BY X-RAYS. 205 


35 volts. There was a condenser having a capacity of .002 micro- 
farads in multiple with the plate at this time. The data are given 
in full in order that some idea may be had of the accuracy at- 
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To find whether there was any leakage other than that to be 
studied, the rays were screened off from the plate by a thick piece 
of lead, and the tube was allowed to act for the same time as be- 
fore. In this set of experiments such leakage was negligible. 

Observations were also taken at a pressure of 12 mm. The values 
found were such as would be expected from the curves, but the rate 
of discharge was so small that the irregular leakage was appreciable 
as compared with that to be studied, and the data have therefore 
not been included in the table. 

The difference in the essential character of the curves can be seen 
by comparing the curve for 35 volts with that for 6 volts. The 
former obeys fairly well the law given by Benoist and Hurmuzescu 
that the rate of discharge is proportional to the square root of the 
density. This agreement is shown by plotting from their data the 
curve marked B. The curves taken for higher potentials are prac- 
tically the same as that given for 35 volts, but approach somewhat 
nearer to that given by Benoist and Hurmuzescu. 
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The curve for 6 volts obeys an entirely different law, and in fact 
it has a maximum at about 200 mm. The divergence from pre- 
vious results in the case of this curve was so great that it seemed 
possible that there might be some error, at least as far as the maxi- 
mum at 200 mm. was concerned. 

Variation in method.—The results were therefore tested by a 
somewhat different method. The plate from which the discharge 
took place was connected to a given potential through a very high 
resistance. When the X-rays were allowed to strike the plate con- 
tinuously, its potential would drop to a certain definite value. If I 
was the potential of the point to which the high resistance was con- 
nected, lV’, that of the discharging plate and r the resistance, the current 


a r 


would be —' - *. Vand I’, can be observed, and + is a constant 


which need not be known for comparative results. If one wishes to 
study the effect of other changes while I’, is kept constant, /, may 
be varied so as to bring TV’, always to the same value. Two 
wires having cotton insulation were wound around each other, and 
there was sufficient leakage through the insulation to furnish the 
desired current. This resistance was measured by observing the 
rate at which it discharged a condenser of known capacity. It was 
found to be about 5,000 megohms. 

In some respects this method would be preferable to the one 
used ; but it is necessary that the tube should be in action several 
minutes before the discharging plate reaches a steady potential, and 
it was not found possible to keep the action of the tube constant for 
the time necessary to take several determinations. The data thus 
obtained were therefore less reliable than those which have been 
given. However, the method was of great value in verifying the 
conclusion reached by the first method. The curves found in the 
two cases were practically the same. 

It is altogether possible that others have failed to find the results 
here described on account of using less intense rays. An 
aluminum window would be quite fatal, as far as getting any point 
of maximum discharge is concerned, unless a very efficient tube were 
used. 

This method of performing the experiment has a bearing on the 
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conclusion of Minchin, that there is no current in the case of dis- 
charge by X-rays which can be detected by means of a galvanom- 
eter.' Although no galvanometer was used in this experiment, it is 
difficult to see how there could be a fall of potential through a high 
resistance, nor why the fall of potential in this method should be 
proportional to the rate of discharge as found in the other method, 
if there is no current. 

It is known that a metal tends to assume a final potential different 
from zero when X-rays strike upon it. It was thought that this 
effect might be complicating the phenomena being studied, but care 
was taken that the plate from which the discharge took place was 
surrounded by a grounded metal of the same kind. Under these 
circumstances the potential of the plate when it was disconnected 
from any source of electricity, and the rays were allowed to strike 
upon it continuously, differed but very little from zero, and any error 
due to this effect was entirely negligible. 

Discharge with Different Potential Differences.—Ilt is evident that 
another set of curves could be plotted, showing the relation, at dif- 
ferent densities of the gas, between the rate of discharge and the 
potential. Thomson and Rutherford have studied the relation be- 


TaBLe II. 


Initial Difference of Potential in 60 


Volts. * 35 5 ai 5 


Average Dif. of Pot. 56.6 37.3 22.4 12.6 7.9 3.6 
Fall in Pot. in Volts. 3.9 3.4 3.65 3.65 3.4 2.05 


150 mm, Average Dif. of Pot. 56. 36.5 [21.7 | 121 | 7.5 | 3.7 | 
"Fall in Pot.in Volts. 5. | 4.9 | 5.2 | 46 | 4.2 | 1.95 


Average Dif. of Pot. 55.6 36. 21.7 | 12. 8. 3.7 
Fall in Pot. in Volts. 5.95 6.05) 5.20 4.75. 3.2 1.85 
Average Dif. of Pot. 54.2 35. | 21. (125 | 81 3.9 
Fall in Pot. in Volts. 8.6 | 81 | 645 3.9 | 2.85 1.55 


75 mm. 


400 mm. 


760 mm. 


Initial Difference of Potential 


in Volts. 25 15 10 8 6 4 


to 


Average Dif. of Pot. 22.8 13 | &1 61 44 = 2.7 | 12 
Fall in Pot. in Volts. 3. 2.8 2.9 3. 2.5 2. 1.2 


25 mm. 


1 Lond. Elec., 38, p. 7 
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tween the potential and the current produced by the discharge at 
atmospheric pressure, and have shown that the current does not 
obey Ohm’s law. As high potentials are reached, the current does 
not increase in a manner proportional to the increase in potential. 

Table II. gives the data showing such relationship at different 
densities of the gas. It seemed best not to take the same data as 
given before, for the readings in that case did not extend over the 
range of potentials best suited for showing the effect we now desire to 
examine. Furthermore, in the previous set, the readings for the same 
density of gas but with different potential were separated in time, 
and consequently were taken under different conditions of the tube, 
so that they were not strictly comparable. In this set the read- 
ings were taken consecutively. There was some leakage in this 
case other than that due to the discharge being studied. 
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In Fig. 3, the corresponding curves are plotted. It will be seen 
that the limiting values of the current become smaller as the density 
of the gas becomes less. Points on the curves have been marked 
to indicate approximately the limiting currents. 

These are what Thomson and Rutherford call the saturation 
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points. If now the densities of the gas be plotted as abscisse, and 
the currents at the saturation points as ordinates, a curve will be 
found quite similar in form with that given in Fig. 1 for 40 volts. 
This is, indeed, what we should expect ; for it is evident from Fig. 
2 that, after the saturation point is reached, the current is independ- 
ent of the potential to which the body is charged, and we would be 
plotting saturation currents corresponding to certain densities. But 
in the case of a discharge with a potential of 40 volts, saturation 
currents were maintained all the time. So that these currents also 
depended only upon the densities of the air, and the two are in fact 
the same curve. 

Discharge with Smaller Intensity of Rays.—The effect upon the 
form of the curve caused by varying the intensity of the rays was 
next studied. The curves which have already been plotted were 
taken with the tube near quite the plate to be discharged. A series 
was also taken with the tube at some distance from the plate, and 


with several inches of wood placed between the two. 
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Fig. 4. 


These curves are shown in Fig. 4. In none of them is there any 
maximum. It is thus clear that the form of the curve depends on 
the intensity of the rays used, and it therefore seemed unnecessary 
to try to find the form of the curves with any great degree of ac- 
curacy since there is no way of determining the intensity of the 
rays in any standard unit. 


Density for Maximum Discharge.—I next attempted to find the 





relation between the density of the gas necessary for a maximum dis- 


charge, and the potential used. In the case of ultra-violet light, 
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Stoletow! had found that if the distance between the plates is kept 
constant, this density varies directly as the difference of potential 
between the plates. I had found that when the intensity of the 
rays was small, the maximum point on the curve was not notice- 
able. The intensity of the rays was, therefore, increased, and several 
curves were plotted similar to those in Fig. 2, more attention being 
paid, however, to the variation in the maximum point. Such a set 


of curves is shown in Fig. 5. 
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It was found that practically the same law applies in the case of 
X-rays, as holds when the discharge is produced by ultra-violet 
light ; namely, that the density for a maximum discharge is propor- 
tional to the potential of the charged body. The points located by 
circles show where the maxima should occur in order to agree 
with this law. 

However, it is noticeable that the conditions under which a max- 
imum discharge occurs are quite different when it is produced by 
X-rays, and when produced by ultra-violet light. With X-rays the 
maximum was found when the pressure was 200 mm., the potential 8 
volts, and the distance between the plate and the surrounding metal 
2cm.; while with ultra-violet light a maximum occurred with a 
pressure of 4.5 mm. when the potential was 100 volts, and the dis- 
tance between the plates 8 mm. 


1 Journal de Phys., 9, p. 471. 
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Density for Maximum Discharge and Intensity of Rays.—An at- 
tempt was made to find the manner in which the point of maximum 
discharge depended upon the intensity of the rays. The data proved 
to be of little value in this case. For when the intensity was some- 
what diminished, the rate of discharge remained practically constant 
throughout a wide range of pressure, and it was difficult to tell 
whether an apparent maximum was produced by changing the pres- 
sure of the gas or by some irregularity in the action of the tube. 
The difficulty was made greater because it was necessary to use low 
potentials, and with the intensity small, the amount of discharge was 
small, and trouble was caused by ordinary leakage and slight fluc- 
tuations in the potential of the charged body. However, it was 
apparent that as the intensity became less, the pressure for a max- 
imum discharge became greater, although this did not increase as 
fast as the intensity decreased. 

Discharge through a Film of Paraffin —Various modifications in 
the conditions of the experiments were tried. Perrin has stated 
that the discharge effect can be separated into a surface effect be- 
tween the metal and gas, and a volume effect through the gas. I 
therefore thought that by covering the surface of the metal with a 
thin film of paraffin it might be possible to change the relation be- 
tween the rate of discharge and the density of the air. Lord Kel- 
vin, Beattie, and Smolan' state that there is no discharge through 
paraffin, but only a condenser effect. This point was first tested. 
The plate from which the discharge was to take place was con- 
nected through a high resistance to a source of electricity, as in the 
second method. The fall in potential of the charged plate when 
the X-rays acted on it continuously was nearly as great as it had 
been before the plate was covered with paraffin. It is difficult to 
see how this can be explained except on the hypothesis that a dis- 
charge actually takes place through the coating of the paraffin. 
The pressure of the air was then varied, and the curves were found 
to be the same as those in Fig. 2. 

The plate to be discharged was then placed in the shadow of an 
opaque obstacle, and the rays allowed to strike only the air sur- 
rounding the plate. The form of the curve was not different from 


' Nature, 55, 472 and 408. 
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that previously obtained with rays causing the same rate of dis- 
charge. If, therefore, there is a surface effect it would appear to 
be small. 

Discharge with Normal Incidence.—Perrin has explained the dif- 
ference between the results which he found when the density of the 
gas was varied, and those found by Benoist and Hurmuzescu, on the 
ground that the experiments were not performed under the same 
conditions. In his experiment, the incidence was grazing, while in 
those of Benoist and Hurmuzescu the incidence was normal. The 
apparatus was therefore changed so that the incidence was normal, 
in order to test this point. The following table shows the fall in 


Initial Potential Difference in Volts. 5 25 
25 mm a 1.2 1.3 
75 mm EZ 2.1 2.7 
150 mm zs 2.4 3.5 
300 mm £5 2.5 7 
500 mm = 2.3 5.7 
760 mm a 2.2 6.2 


potential for the different densities when the potential differences 
were 5 volts and 25 volts. This shows the same relation to exist 
when the incidence was normal as existed when it was grazing. The 
capacity in multiple with the plate was somewhat less in this case 


than it was when the first data were taken. 
PHYSICAL LABORATORY OF 
CORNELL UNIVERSITY. 


( Zo be Concluded. ) 
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THE SURFACE TENSION OF WASTE AND OF CER- 
TAIN DILUTE AQUEOUS SOLUTIONS, DETERMINED 
BY THE METHOD OF RIPPLES. II. 


( Concluded. ) 
By N. ErNest Dorsey. 
INFLUENCE OF GLASS PLATE. 


= point of prime importance is to have the glass plate, 
which generates the waves, well wetted by the liquid. If it is 
not, the crests will be so irregular and so distorted that no correct 
setting can be made. A microscope slide was first used but it was 
very difficult to get its surface in such a condition that water would 
wet it readily, and one lot of slides I was entirely unable to use; I 
tried to clean them with caustic potash, sulphuric acid, nitric acid, 
chromic acid ; I even boiled them in chromic acid, and still water 
would not readily wet them, and never under any condition did I 
succeed in wetting them uniformly. I finally used a piece of thin 
German plate mirror from which the silvering was removed. This 
was easily cleaned and there was no trouble in keeping it in such a 
condition that water and salt solutions would wet it readily and uni- 
formly. 

When I began this work I always took one reading within two 
centimeters of the fork, in order that I might run the fork with as 
small an amplitude as possible, so as to avoid reflected waves. The 
other reading was taken some five or ten waves further from the 
fork. 

The results obtained by this method were very erratic. The 
wave-lengths found on any one day would agree fairly well among 
themselves, but those obtained on different days seldom agreed at 
all. Later on it was found that the apparent wave-length depended 
upon how many waves were included between the settings. 

After trying nearly every plan that could be devised to find the 
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trouble it was at last decided to measure each individual wave and 


see if these separate determinations would throw any light on the 


difficulty. 
fork as I could measure, and 
found (although these sepa- 
rate determinations were very 
rough) that the apparent 
wave-length zxcreased as the 
fork was approached. As a 
last resort I attributed this 
effect to the rise of the liquid 
against the plate which gen- 
erates the ripples, although 
I did not think that this 
could effect waves two cen- 
To test this 
experimentally the plate that 


timeters distant. 


was well wetted was replaced 
by one coated with paraffin. 
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In this series of measurements I went as close to the 
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It was now found that the waves apparently decreased as the fork was 


approached. This proved that, contrary to expectations, the effect of 


the meniscus makes itself felt two or three centimeters from the fork. 


PLATE NOT WETTED. 
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DISTANCE FROM FORK 
Fig. 4. 


distinctness of the field in the telescope. 
locating this error; and after finding it no reading was taken nearer 





Two typical curves showing 
this effect are given in fig- 
ures 3 and 4. 

The magnitude of the 
error introduced in this way 
depends upon the amplitude 
of the waves, and this is 
probably the reason why 
the results obtained on dif- 
ferent days were not com- 
parable; for I frequently 
changed the amplitude of 
my fork so as to alter the 

Many weeks were spent in 
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the fork than four centimeters. Under these conditions the measured 
wave-length does not depend upon the number of waves measured, 
nor upon the distance of the waves from the fork, nor upon the 
amplitude of the fork (so long as it is small); all these points were 
tested experimentally. I was very seldom troubled by reflected 
waves. 

The mirrors .J/, and J/, must be good plane metal mirrors. 
Owing to the double reflections, ordinary glass front mirrors can 
not be used, since in my arrangement the images overlap and distort 
one another. The silver surface obtained by depositing silver by 
Brashear’s process ' on good thin plate German mirror glass was 


used in this experiment. 


PERIODS OF FoRKs. 

The fork /, is a large one with a mirror and a counter-weight 
screwed into the ends of its prongs, and belongs to a set of Konig 
forks used to show Lissajou’s figures. The mirror was replaced by 
a second counter-weight, and the plate of glass which generated the 
ripples was fastened by screwing down the weight until the plate was 
clamped tightly between it and the end of the prong of the fork. 
This allowed the plate to be removed and cleaned without danger of 
wetting the fork. Sliding on the prongs were light brass weights 
that could be clamped wherever desired. 

/, was also provided with sliding weights, and after putting on the 
strips of copper (.S,) I tuned it (by means of a vibration microscope) 
to unison with /, while the weights on /, were near the centre of its 
prongs, and while the plate of glass was dipping into water. 

By means of the smoked glass and pendulum method the fre- 
quency of the vibration microscope, which was an octave above /, 
was determined. It made 125.8 complete vibrations per second. 
Then as a check the vibration microscope was again compared with 
/\, and it was found that the ratio of their frequencies was still two 
to one. 

The vibration microscope rather than /, was compared with the 
pendulum because it was more readily handled than the larger fork. 
This method, however, cannot be depended upon except to give the 


' Astrophysical Journal, 1, 252, 1895. 
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whole number of vibrations per second. To determine the exact 
frequency Michelson’s method' was employed, but the results 
were carried to but two decimal places, as the frequency of a fork 
driven by a mercury contact does not seem to be mpre constant than 
this approximation. Now, in order to use this method, the clock must 
give exactly equal intervals of time ; Professor Michelson says that 
the intervals must differ by less than 0.002 second in rating a fork 
of 128 double vibrations per second. The clock at my disposal 
had a mercury contact, and I found that working alone I could not 
adjust this so accurately in the center of the arc of the pendulum as 
is required for consistent results. In any case, as Professor Mich- 
elson states, a mercury contact is not very good unless it is quite 
narrow in the direction of the swing of the pendulum. 

After trying many contacts and after working on the subject for 
some time, I finally devised one that is very simple and has so far 
given perfect satisfaction. A contact is desired that can be easily 
adjusted so as to give absolutely equal intervals of time ; so it seemed 
the best method would be to use the complete period of the pendu- 
lum instead of the half period, as is ordinarily adopted. This would 
obviate the difficulty of centering the apparatus. 

The construction of the contact is as follows: A steel watch 
spring about 8 cm. long is soldered to a brass collar which is fast- 
ened by means of a screw to one end of a brass plate 4 cm. wide 
and 10cm. long. The collar can be rotated about the axis of the 
screw, and clamped tightly at any angle desired. Perpendicular to 
the flat surface of the spring and about 5 cm. from the collar is 
soldered a platinum point which, when the spring is slightly de- 
pressed, dips into mercury in a cup attached to the brass plate but 
insulated from it. At the same place and perpendicular both to the 
platinum point and to the length of the spring is soldered the point 
of a fine steel sewing needle. This needle point must be quite fine 
and well polished. At the further end of the spring is fastened a 
mica vane which dips into oil contained in another cup fastened to 
the brass plate, and is intended to damp the vibrations of the spring. 
The brass plate to which these parts are attached is fastened to the 
back of the clock near the top of the pendulum and in such a posi- 


1 Phil. Mag. (5), 15, 84-87, 1883. 
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tion that the needle point comes near the centre of the arc of the 
pendulum. 

To the pendulum rod is fastened a light brass collar on the back 
of which is soldered a short piece of steel watch spring which pro- 
jects horizontally from the rod, and whose plane is inclined to the 
rod at an angle of about 50° or more. The lengths of the needle 
point and of this short piece of spring are such that when they are 
in place, and the pendulum is at rest they overlap by an amount 
just suffiicent to ensure the depressing of the point at each complete 
vibration of the pendulum. Both sides of the short spring are care- 
fully polished, and the collar is so adjusted that the needle point 
comes just below the upper edge of the spring. The electric circuit 
is completed through the long spring and the mercury cup. Then 
when the pendulum swings in one direction the platinum point is 
depressed into the mercury and closes the circuit, and immediately 
rises and breaks it as the pendulum swings on; on the return swing 
the platinum point is slightly raised. If the damping vane works 
properly the vibrations of the spring will be practically dead beat, 
and we shall have contact made once only during each complete 
vibration of the pendulum. 

Dr. J. F. Mohler kindly compared the clock I used with the as- 
tronomical one and found that each single swing of the pendulum 
corresponds to 1.000397 seconds; the mean solar day being the 
unit of time. Hence we are justified in taking the complete period 
of the pendulum as two seconds. 

As any change in the positions of the blades S, affect the period 
of the fork, its frequency was often determined so as to avoid errors 


due to careless handling. 


AMPLITUDE OF WAVES. 

We have seen that Lord Kelvin’s equation applies to waves of 
infinitely small amplitude, so it is well to consider the amplitude of 
the waves used in this work. I have no way to measure its value 
directly, but a general idea of its smallness may be obtained by con- 
sidering the fact that throughout the work the telescope was focused 
for a point one meter below the surface of the liquid. Since the 
beam of incident light is parallel, this means that in the neighbor- 
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hood of a crest the radius of curvature is about two meters. This, 
together with the fact that these waves are only 0.48 cm. long, 
shows that their amplitudes must be extremely small. We can also 
see that the amplitudes are very small from the effect of the menis- 
cus upon the apparent length of the waves at such a great distance 
as two centimeters from the plate (page 27). 


EFFECT OF VISCOSITY. 

Before going further it is well to consider another point. How 
does the viscosity of the liquid affect the apparent wave-lengths ? 
Professor Tait' has shown that viscosity does not affect the true 
wave-length, but simply introduces a damping factor of the form 
-**, where a depends upon the wave-length and the viscosity of the 
liquid. Hence the apparent wave-length is the distance between 
the corresponding consecutive points where the curve y=As—“sin wr 
has a constant slope c. Hence it is necessary to find the roots of 
the equation. 


dy we 
“=—Aaz—™ sin mxr+Ame—™ cos mx 

ar 
or 


> ‘ ce . > a 
PB cos (mx+3)= 7 ‘* where B= J/_?+ 7, tan -. 
Since 4 is very small for water and dilute solutions, 7 is approxi- 
mately equal to #. The maximum value of ¢ is at the point +=0, 
where c=Am. Hence the roots of the equation are the abscissx of 
the points of intersection of the curves 


s=cos (wxr+Q) and s=f:%=£ (14424) 


approximately; £1. By setting near a crest / can be made very 
small and hence the slope of the line <= will also be small, prac- 


;, 22 
tically zero, and the apparent wave-length must be very nearly — 

m, 
which is the true wave-length. If we could make c=o; the appar- 
ent and real wave-lengths would be exactly equal. 


To test experimentally the error that might be introduced if ¢ were 


1 Proc. Roy. Soc. Edinb., 17, 110-115, 18go. 
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not zero, the telescope was turned so as to look on one side of the 
crests at points having as great a slope as could be observed, and the 
apparent wave-length was measured. The telescope was then 
turned so as to look at corresponding points on the other side of 
the crests and the wave-length was again determined. Each time I 
measured over a distance equal to 20 waves, the interval usually 
employed in the rest of the work. The maximum difference ob- 
served amounted to one-fifth of one per cent. 

The apparent field swept over by the spider line in turning the 
telescope from one of these positions to the other is over two centi- 
meters ; and I can easily adjust the line to the centre of this field to 
within one millimeter, 7. ¢., one-twentieth of the total angle through 
which I turned the telescope. If the error was proportional to the 
angle, this would correspond to 0.01 per cent; ; but the error varies 
almost as the cosine of the angle. Hence the error introduced is 
negligible. 

EFFECT OF PARTICLES. 

In this same article Professor Tait shows that the effect of a ‘ uni- 
form film of oxide or dust, in separate particles which adhere to and 
move with the surface ’”’ is to increase the wave-length if there is no 
viscosity. If terms involving the first power of the viscosity must 
be taken into account, the surface layer will not affect the wave- 
length, but will aid viscosity in causing the waves to subside as they 
advance. 

WATER AND SALTS. 

The water used in these experiments was especially distilled by 
Dr. W. T. Mather, and was the kind he used for his electrolytic 
work. He distilled it from chromic acid, and from potassium per- 
manganate, and condensed it in a block tin condenser. It was col- 
lected in a bottle used for no other purpose, and which was kept al- 
ways covered or stoppered. It was transferred from this to a larger 
bottle that had a hole bored near its bottom so that the water could 
be drawn off through a piece of black rubber tubing and a glass 
nozzle. This tube and nozzle always remained filled with water, 
which protected their inner surfaces from impurities in the air. The 
glass nozzle was removed and cleaned before drawing the water. In 
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this way it was hoped to get water as pure as possible. I might 
mention here that the water and solutions used in this work were 
not free from air ; but Rontgen and Schneider! have shown that the 
effect of dissolved air is entirely negligible at ordinary pressures. 

I used Eimer and Amend’s chemically pure salts. 

The temperatures of the water and solutions were determined by 
grad- 


means of a Bender and Hobein thermometer of Normalglas g 


uated to tenths of a degree centigrade. 
The densities of the solutions of sodium chloride, of sodium car- 
bonate, and of zinc sulphate were calculated from the values given 


by Kohlrausch and Hallwachs’; those for potassium chloride from 


; 
the results obtained by Bender’ ; and those for potassium carbonate 
from Gerlach’s values as given in Landolt and Bornstein’s ‘“ Physi- 
kalisch-Chemische Tabellen.”” The densities for water were taken 
from Marek’s values.‘ 


METHOD OF OBSERVATION. 

Before each series of readings the tray, the glass plate, the brass 
hoop for cleaning the surface of the liquid, the thermometer, and the 
stirring rod were washed, first with tap water, then with an alcoholic 
solution of caustic potash, then with running tap water, then with 
chromic acid, and finally they were well rinsed in running tap water. 
Then everything was placed in position in the iron box, water was 
run into the tray until the lower edge of the glass plate dipped just 
under the surface. I then expanded the hoop, put the lid on the 
box, and brought the iron slab to rest as soon as possible. Then 
the forks were set in vibration, the spider line of the telescope was 
brought into coincidence with a crest near the middle of the pan, 
and the amplitude of the vibrations was increased until the crest was 
almost out of focus. As stated before, the waves appear stationary. 
Then the shunt circuit by which /, was run was broken and the 
fork was allowed to come to rest at its free period. The fork /, be- 
ing still vibrating, the crests will have an apparent motion unless 
the free period of /, coincides with the period of /. If the two did 
not coincide the weights on /, were moved until they did. By care 
1 Wied. Ann., 17, 207, 1882. 3Wied. Ann., 22, 179, 1884. 
2?Wied. Ann., 53, 14, 1894. *Wied. Ann., 44, 171, 1891. 
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to 
_ 


the depth of the water can be adjusted so that this correction is 
seldom necessary ; but unless the two forks are in unison the crests 
are almost sure to oscillate, on account of the imperfection of the 
mercury contact. The plate which generates the waves should 
never leave the liquid, but it should dip below the surface as little 
as possible. If it dips deeply into the liquid the waves always ap- 
pear distorted. 

Having brought the forks to unison the spider line is brought suc- 
cessively into coincidence with three consecutive crests near scale 
division 17. Then the carriage is screwed along and readings are 
taken on the fortieth, forty-first and forty-second crest beyond the 
one on which the first setting was made. The thermometer is then 
read, the hoop is lifted from the water, is contracted, replaced into 
the water and expanded, and another series of six readings is taken. 
Then a known weight of salt is added, and the solution is stirred 
until the salt is dissolved. Then readings are taken as for water ; 
then more salt is added, and so on until readings have been taken 
on water and on solutions of (as a rule) four different concentrations. 
Then the volume of the solution is measured. I measure the 
volume last so that the purity of the water may not be affected by 
any trace of grease that might be on the measuring vessel. 

Since each crest is seen in two positions, measuring over forty 
crests gives the length of twenty waves. Such a series of readings 
as I have just described occupies about two hours; and to make 
sure that the surface in this length of time does not become con- 
taminated so as to affect my results, a check series was taken on 
water. The first readings gave 7}..9,=73.10 or 7}..=73.24; the 
last, about two and one-half hours later, gave 7} 9.,;=72.91, or 
Tis0=73.18. Hence the results obtained from such a series of 
readings that extend over about two hours should be not appreci- 
ably affected by the contamination of the surface by the air. 

By this plan of work we obtain for each concentration two sets 
of three independent determinations of the wave-length. If the 
average of these two sets agree fairly well, the surface tension is 
calculated from their mean. If they do not agree well another 
series is taken and the surface tension is calculated from the 


weighted mean of the three series. 
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TEMPERATURE REDUCTION. 


To reduce the results to the standard temperature, eighteen de- 
grees centigrade, I used the formula 7=7, (1—a/), and took 
a=0.0020 which is the average of the following values : 


Brunner 0.0019 Pogg. Ann., 70, 481. 
Braun 0.0020 Winklemann, Handb. d. Phys., I., p- 467. 
Frankenheim 0.0018 Pogg. Ann., 72, 177, 222, 1847. 
Wolf 0.0018 Ann. de chim. et de phys. (3), 49, 269, 1857. 
Volkmann 0.0018 Wied. Ann., 17, 353, 1882. 
Timberg 0.0022 Wied. Ann., 30, 545, 1887. 
Jager 0.0023 Acad. de Wiss. in Wien., 100, 245, IS8gI. 
Cantor 0.0021 Wied. Ann., 47, 399, 1892. 
Humphreys and Mohler 0.0020 Phys. Review, 2, 387, 1895. 
Sentis 0.0020 J. de Phys. (3), 6, 183, 1897. 
0.0020 


In this formula ¢ is the temperature in degrees centigrade ; 7, is 
the surface tension at 7°C.; and 7) is the surface tension at o°C. 

Since the salt solutions used were very dilute I used the same 
temperature coefficient (0.0020) for them; Sentis says that in any 
case the temperature coefficient for aqueous salt solutions differs 
from that for water by an amount less than his experimental error, 
which is about the same as mine. 


RESULTs. 


The results obtained are given in the tables and are represented 
graphically in Fig. 5. 
In the tables the concentration of the solution is given in gram 


; , , gm. mol. 
molecules per liter, and is placed in the column marked 


liter’ 
t denotes the temperature in degrees centigrade ; ~ is the frequency 
of the fork; » is the density ; 7, is the surface tension at 7°C., and 
7,, is the surface tension at 18°C. ; both 7, and 7|, are expressed in 


dynes per centimeter; 4, is the observed wave-length in terms of 


scale divisions of the engine, one division = 1.0328 cm. 
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16.3 
16.7 
17.4 
17.7 
18.5 


13.1 
13.5 
14.1 
15.0 
19.0 


16.4 
17.0 
17.3 
17.4 


18.6 
19.3 
19.8 
20.1 
20.0 





TABLE I. 


NaCl 


Ai 


0.4858 


0.4852 
0.4849 
0.4843 
0.4843 


NaCl. 


0.4858 
0.4852 
0.4849 
0.4840 
0.4837 


NaCl. 


0.4865 
0.4859 
0.4855 
0.4854 
0.4841 


NaCl. 


0.4863 
0.4860 
0.4855 
0.4849 


Tt 





Tt Tis 
p 
73.72 73.64 73.34 
73.44 73.56 73.44 
73.29 73.58 73.55 
73.01 73.57 73.60 
73.01 73.78 73.87 
73.72 73.64 73.38 
73.44 73.70 73.50 
73.29 74.08 73.99 
72.88 74.16 74.12 
72.73 74.37 74.45 
74.03 73.99 | 73.25 
73.76 74.23 73.55 
73.57 74.52 73.92 
73.52 75.00 74.54 
72.92 74.83 74.99 
73.67 | 73.59 73.35 
73.54 | 73.72 73.57 
73.30 73.73 73.62 
73.01 73.68 | 73.59 
73.25 | 73.14 73.23 
72.56 | 73.55 | 73.75 
71.91 | 73.91 74.17 
71.45 | 74.53 74.86 
70.99 | 75.02 75.33 
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TABLE I.—Continued. 
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Gm. mol. 
liter. 


0.19 
0.37 
0.55 
0.73 
0.92 


0.221 
0.446 


0.22 
0.44 
0.66 
0.88 


0.096 
0.294 
0.512 
0.713 
0.915 


18.0 
17.3 
16.8 
16.4 
16.0 
15.8 


21.1 
20.6 
20.3 


18.3 
19.2 
19.9 
20.4 
20.8 


13.7 
13.7 
13.6 
13.5 
13.5 
13.5 


18.5 
18.5 
18.1 
17.6 
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TABLE I].—Continued. 
KCl. 
n Ay 2 Tt Tis 
P 
62.87 0.4863 | 73.43 | 7333 | 73.33 
ee 0.4851 72.88 73.44 73.33 
- 0.4847 72.69 73.86 73.68 
" 0.4847 72.69 74.46 | 74.21 
ee 0.4844 72.55 75.00 74.69 
- 0.4836 | 72.19 74.96 | 74.62 
KCl. 
62.78 0.4860 73.08 72.81 73.28 
"7 0.4848 72.52 73.14 73.54 
ss 0.4843 72.29 73.64 73.99 
14(K,CO, +2 aq) 
62.86 0.4862 73.38 73.28 73.33 
~ 0.4850 72.82 73.85 74.04 
“ 0.4833 72.04 73.97 74.27 
- 0.4813 71.13 73.90 74.27 
ais 0.4802 70.61 74.41 74.84 
14(K,CO, +2 aq) 
62.86 0.4864 73.46 73.41 72.76 
sd 0.4860 73.28 73.81 73.16 
- 0.4851 72.86 74.29 73.62 
$6 0.4836 72.17 74 43 73.74 
ad 0.4826 71.70 74.95 74.26 
“ 0.4812 71.07 75.14 74.45 
1,(Na,CO, + 10 aq). 

62.85 0.4857 73.11 73.00 73.08 
ad 0.4855 73.02 73.20 73.28 
-" 0.4853 72.92 73.61 73.63 

sd 0.4849 72.74 73.95 73.89 
72.33 74.04 73.95 











0.4840 
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TABLE I.—Continued. 
















































14(Na,CO, + 10aq). 

Gm. mol. Tt a i 
—— t | n Ay ‘ Tt 70 | 
0 17.9 62.86 0.4857 73.14 73.04 | 73.03 | 

0.115 17.6 “4 0.4855 73.05 73.42 | 73.36 

0.228 | 17.1 “ 0.4848 72.73 73.54 | 73.40 

0.344 «| «16.6 «“ 0.4848 | 72.73 74.02 | 73.81 

0.458 | 16.3 a 0.4838 | 72.27 73.99 | 73.73 

0.574 | 15.9 “4 | 0.4837 | 72.22 74.40 74.08 

1.(ZnSO, + 7 aq). 

0 | 18.1 62.78 0.4867 73.40 73.30 73.31 
0.129 | 18.7 «“ 0.4850 72.65 73.32 73.43 
0.257. | 18.7 “ 0.4840 72.16 73.58 73.69 
0.39 18.7 “ 0.4822 71.47 73.64 73.75 

14(ZnSO, + 7 aq). 

0 17.7 62.78 0.4864 73.26 73.16 73.12 
0.283 18.2 « 0.4832 71.79 73.36 73.39 
0.567 18.4 “4 0.4804 70.51 73.65 73.71 

14(ZnSO, + 7 aq). 

0 18.6 62.78 0.4867 73.40 73.12 73.21 
0.115 19.6 | « 0.4853 72.76 73.33 73.58 
0.173 19.7 « 0.4851 72.66 73.48 73.74 
0.216 19.7 «“ 0.4845 | 72.38 73.54 73.80 
0.263 19.7 “ 0.4832 | 71.79 73.22 73.48 

| | 
1.(ZnSO, + 7 aq). 

0 18.4 62.78 0.4866 73.35 73.24 73.31 
0.0435 19.5 «“ 0.4857 72.94 73.07 73.30 
0.0887 20.2 “ 0.4847 72.47 72.88 73.38 
0.133 20.7 « 0.4850 72.61 73.28 73.69 
0.35 20.5 « 0.4832 71.79 73.71 74.09 
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TaBlLe I.—Concluded. 





}o(ZnSO, + 7 aq). 























Gm. mol. P » Ay Tt Tt Tre 
liter. p 

0 18.3 62.78 0.4868 73.45 73.34 73.39 
0.0199 18.4 a | 0.4860 | 73.08 | 73.11 | 73.17 
0.066 18.8 ad 0.4856 | 72.89 | 73.18 73.30 
0.108 18.9 “ 0.4853 | 72.76 | 73.30 73.44 
0.152 18.7 «e 0.4850 72.61 | 73.42 73.52 
0.286 18.7 ae 0.4841 72.21 73.80 | 73.90 
0.330 18.5 a 0.4830 71.71 | 73.54 | 73.62 
0.372 18.4 “ 0.4829 71.65 | 73.75 | 73.79 
0.414 18.3 ae 0.4827. | (71.55 | 73.87 | 73.91 

1%4(ZnSO,). 

0 14.8 62.85 0.4870 73.74 73.68 | 73.20 
0.18 15.2 a 0.4848 72.70 | 73.72 | 73.30 
0.37 15.5 a 0.4839 72.31 | 74.43 | 74.05 
0.555 15.9 0.4822 71.53 | 74.67 | 74.35 
0.736 16.2 “ 0.4804 70.71 74.82 | 74.54 


0.919 16.4 « 0.4789 70.03 75.06 | 7481 


In the first series for potassium chloride the two forks were not 
in unison when the surface tension of water was determined, but were 
afterwards adjusted. This accounts for the low value found for water. 
In the case of the carbonates, for which but two series of determina- 
tions were made, the two sets of points are denoted on the plate by 
crosses and by crosses in circles respectively. It will be noticed that 
the two series for potassium carbonate do not coincide but lie parallel 
to one another. If there were any impurity in the body of the 
water that decreased its surface tension, it could not be removed by 
the flexible hoop, and probably would lower the whole curve as we 
observe in this case. Those points for zinc sulphate which are 
represented by crosses in circles were obtained from a series of read- 
ings on solutions of the anhydrous sulphate. This contained quite 
a little of the sulphide, which floated around in the solution but 
which apparently produced no effect on the wave-lengths of the 


ripples. The values obtained by Sentis are represented by circles. 
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It is evident that these results can be best represented by straight 
lines. If we write 


T=T,+Ke 


where 7, is the surface tension of the solution containing ¢ gram- 
equivalents per liter, and 7) is the surface-tension of water at the 
same temperature, and A’ is a constant, we find A’ from the plotted 
results. The values found for A’ by various observers are given in 
the following table: those assigned to Sentis were calculated from 
his observations on solutions of 0.56 and 1.13 normal concentra- 





tions. 
Tasce II. 
H,O 
zt ” Ay iy Tt a Ze 
p 

16.0 63.07 0.4858 73.72 73.64 73.34 
16.3 63.07 0.4858 73.72 73.64 73.38 
13.1 63.07 0.4865 74.03 73.99 73.25 
16.4 62.96 0.4863 73.64 73.59 73.35 
18.6 62.96 , 0.4854 73.25 73.14 73.23 
19.3 62.96 0.4842 72.69 72.57 72.77 
15.9 62.96 0.4860 73.54 73.47 73.15 
18.6 62.87 0.4854 73.02 72.91 73.00 
18.7 62.78 0.4855 72.84 72.73 72.84 
21.1 62.78 0.4860 73.08 72.81 73.28 
18.0 62.87 0.4863 73.43 73.33 73.33 
18.3 62.86 0.4862 73.38 73.28 73.33 
13.7 62.86 0.4864 73.46 73.41 72.76 
17.9 62.86 0.4857 73.14 73.04 73.03 
18.5 62.85 0.4857 73.11 73.00 73.08 
18.1 62.78 0.4867 73.40 73.30 73.31 
17.7 62.78 0.4864 73.26 73.16 73.12 | 
18.6 62.78 0 4867 73.40 73.12 73.21 | 
18.4 62.78 0.4866 73.35 73.24 | 73.31 
18.3 62.78 0.4868 73.45 | 73.34 | 73.39 
14.8 62.85 0.4870 73.74 73.68 | 73.20 

~ 17.44 73.25 | «73.17 — 


Omitting 7\, = 72.77; 72.84; 72.76 we find the following values : 
17.48 | | 73.32 73.24 | 75.98 
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SURFACE TENSION IN DYNES PER CENTIMETER 








‘0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
CONCENTRATION IN GRAM - MOLECULES PER LITER 
Fic. 5. 
' 
Volkmann Quincke Sentis Rother Dorsey 

NaCl; K= 1.59 1.57 1.57 1.38 1.53 
' KCl; K== 1.41 1.57 1.41 1.47 1.71 

%4(Na,CO,); K—= 0.987 1.57 — — 2.00 


%(K,CO,); K = 1.78 1.57 - _ 1.77 
¥%(ZnSO,);K—= — 1.78 _ 1.86 


All of Volkmann’s curves appear to become steeper as they ap- 
proach zero concentration, and his curves for K,CO, and Na,CO, 
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cross near the origin so that the curve for Na,CO, for dilute solu- 
tions become steeper than the one for K,CO,. 

The comparison of the results of this work with those obtained 
by other observers must not be pushed too far, because they have 
worked exclusively on solutions of greater concentration than half 
normal, while most of my observations are on solutions less con- 
centrated than that. 

The average of all observations taken on water gives 7),0.= 
73.25, or 7,..=73.17 which is rather low. If we omit the values 


1 


T,o=72.77, 72.84 and 72.76, which are certainly too low, we find 
the averages given in the last line of the table, viz., Z),,.=73.32 


which gives 7)..=73.24 and 7}=75.98. This is lower than the 
values found by Quincke, but agrees very well with the results ob- 
tained by Volkmann, Hall, Sentis, Rayleigh and others. 

In conclusion I wish to thank Professor Rowland and Dr. Ames 
for their suggestions and encouragement throughout the entire 
course of the work. 


JoHNns Hopkins UNIVERSITY, May, 1897. 











































, OF INTERFEROMETER. 


| ON THE USE OF THE INTERFEROMETER IN THE 
STUDY OF ELECTRIC WAVES. 


By G. F. Hutt. 


OUTLINE. 

1. Introduction.—Use of the interferometer in the study of light. 

2. Historical statement.—Analogy between light and electric radia- 
tion not complete. Work of Sarasin and de la Rive, . . . for 
Hertzian apparatus proving that the wave-length measured 
depends on the receiver. Is the radiation from a Hertzian 
vibrator simple or complex ? Experiments and theory dealing 
with this point. Bearing of this theory in our experiments. 

Apparatus.—Interferometer ; conditions governing choice of vi- 


wr 


brator and receiver; sensitiveness; absence of diffracted and 
scattered radiation ; preliminary observations. 

4. Measurement of 4.—Degree of accuracy. 

5. Estimation of “0’” from the interference curve.—Proof that this 
does not give the logarithmic decrement of the vibrator, as has 
been supposed. Comparison of experiment with theory. 

6. Influence of receiver upon the interference curve.—Inference as 


to the period and damping coefficient of our receiver. 





7. Dependence of 4 upon vibrator—No agreement between values 
of 4 found by other observers for vibrators similar to our own. 
8. Determination of #.—Degree of accuracy. Conclusion. 
'. 1. Use OF THE INTERFEROMETER IN THE STUDY OF LIGHT. 


The interferometer, as a special form of refractometer has been 
called by Professor Michelson, has been found to be a very power- 
ful instrument in the study of light. By its means the nature and 
wave-length of the radiation from a source and the index of refrac- 
tion of a transparent medium have been found with the greatest 
accuracy. It is true that a grating or prism spectroscope must be 
used for the study of complex light, but for comparatively simple 
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radiation the interferometer possesses a far greater power of analysis. 
It was with the object of constructing an interferometer for electric 
waves and of using it in their study that this research was under- 





taken. 

2. Here it may be well to point out that electrical and light oscil- 
lations differ in an important respect. The breadth of a spectral 
line of a homogeneous gas has been accounted for upon various 
assumptions among which is the one that the oscillations of the 
molecules of the gas gradually die down owing to its communi- 
cating energy to the surrounding medium, or to other causes. 
Experiments, however, have failed to verify this assumption.’ In 
the case of electrical radiation, on the other hand, theory indicates 
and experiment proves that the oscillations are always damped. 

Another difference is in the apparatus used for detecting the radia- 
tion in the two cases. For light, the eye is the usual detector. 
Though it is sensitive for radiation lying within a very small range, 
it has no period of its own and does not possess the power of influ- 
encing the measured wave-length. That electrical receivers, as a 
rule, have this power has been proved by the experiments of Sara- 
sin and de la Rive,” Klemencic and Czarmak,’ and quite recently 
by those of Wiedeburg.* In fact, for the different forms of Hertzian 
vibrators and receivers used by these physicists, the wave-length 
measured depended almost entirely upon the receiver. 

The explanation of this fact led to the important question whether 
the radiation from a Hertzian vibrator is simple or complex. Upon 
this point opinions have differed. From the phenomenon of multi- 
ple-resonance as discovered by Sarasin and de la Rive* and Klem- 
encic and Czarmak* many physicists were led to the conclusion 





that the radiation is complex. The experiment of Zehnder’ show- 

ing that the rays of electric force are analyzed by a grating into a 

spectrum pointed in the same direction, while Garbasso and Asch- 

kinass® found that rays, in passing through a prism made up of 
1A. A. Michelson, Astrophysical Journal, p. 251, November, 1895. 


2 Sarasin and de la Rive, Compt. Rend., 115, p. 439, 1892. 
3 Klemencic and Czarmak, Wied. Ann., Vol. 59, 1893. 





4Wiedeburg, Wied. Ann., Vol. 59, p. 496, 1896. 
5 Zehnder, Wied. Ann., Vol. 53, p. 172, 1894. 
6 Garbasso and Aschkinass, Wied. Ann., Vol. 53, p. 534, 1894. 
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glass plates upon which were pasted strips of tinfoil, are dispersed 
and concluded that rays of electric force may be considered not 
necessarily as monochromatic but, with the same justification as in 
the case of light, as composite. On the other hand Bjerknes' 
using Lecher’s arrangement” attempted to prove that the radiation 
is due to a simple damped oscillation of the form Ae~” sin (at+a’). 
The theory of his method, which differed from the later work of 
Klemencic and Czarmak chiefly in this that he used waves along 
wires, while they used waves in air is as follows: Assuming that the 
oscillations are of the form Aec~*' sin az, he finds the effect upon the 
receiver of two infinite trains of waves, one of which is direct 
from the vibrator and the other reflected from the ends of the wires. 
This effect (using notation and limits of integration to suit our 
experiment) is given by 


ele 
0 


- r . Wad . 24 . 
J= { » Ac~*" sin’at dt+ (@ [ 4 sin at+ Ac ‘) sina (7+ )] 
e 2/0 c 


A? 2ar “ 
= Pe (: +¢ ” COS 2a"). 
In Bjerknes’ experiment + was the distance of the receiver from the 
end of the wires ; in our experiments it is the distance of a mirror from 
the “ zero position ”’ ; in both cases 2. is the total difference in path of 
the two trains of waves. Thus the curve whose ordinates are pro- 
portional to the intensity of the electrical radiation for a point whose 
abscissa is 4, is leaving out a constant, a damped cosine curve. 
It was found that the experimental agreed fairly well with the theo- 
retical curve. It was therefore concluded that the oscillations fol- 
lowed the law assumed. 

This conclusion is open to two possible criticisms which are sug- 
gested by the questions : first, may not the wires with their terminal 
plates or the receiver exercise a selective action on the radiation, and 
second, may not the interference curve be obtained assuming an- 
other law for the oscillations. Indeed Bjerknes found that the 
interference curve was influenced by the change of the distances 
between the plates of the vibrator and the terminal plates of the 


1 Bjerknes, Wied. Ann., Vol. 44, p. 513, 1891. 
2Lecher, Wied. Ann., Vol. 41, p. 850, 18go. 
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wires—that as this distance increased the waves were not so rap- 
idly damped but were fainter—a result which agrees with the 
theory that the more feeble the radiation the less rapid is its de- 
cay. Probably the wires were too long to affect the result but that 
is a point which in general should be considered. 

The results obtained by Sarasin and de la Rive and the other 
physicists named above, indicating that the radiation is complex, 
may be accounted for by assuming that the oscillations are simple 
and damped and that the receiver has a period of its own and is 
comparatively undamped. On the other hand, neglecting the criti- 
cisms brought forward, it would be difficult to account for the regu- 
larity of the interference curve obtained by Bjerknes on the assump- 
tion that the radiation is complex. On the whole the question has 
not been satisfactorily settled. We are justified in expecting that 
the problem may be approximately solved by means of the inter- 
ferometer. 

The question which concerns us is this—even if electric radiation 
is, in general, sufficiently simple to be analyzed by the interferom- 
eter, how shall we interpret the interference curve—is its form influ- 
enced by the receiver? The latter point is a matter for experiment 
to decide in the case of the receiver used. 

Note.—The theory which applies here is rather unsatisfactory. 
Assuming that the receiver, when no outside forces act, executes 
damped pendulum motions and that the oscillations of the vibrator 
are of the same nature we obtain the equation : 


a? © - dg aii e . 
dt? +3 at +(F+)¢=Ae™ sin (at+e) 


where ¢ represents the potential difference between the parts of the 


‘ e oa dg 
receiver. Let us impose the conditions oma 7, =oOwhen ‘=o. The 
¢ 


solution may be expressed in the form— 


até 
¢g=C sin ("* ‘t+c’) where 


A 
(@—P) 4+ (?—F\(e— 7) 


C= 


(ot B)el e—(o—Pt 4 glo—#)t 2cOSs (a—6)f+ 
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I+cCoOs¢é 
a+é 
sin ¢ 


2748 (a—3)e(2-8)'—(a—,3) cos (a—6)t—(a—BS) sin (a—6)¢)]. 


((a—)e*-8—(a—d) cos (a—b)t—(a—)2) sin (a—6)t) + 


The action on the receiver due to the two trains of waves is 


7.7 


I (co) a+ J [e+e(4+ | amen tal (de (¢+—*)at. 


This is the equation of the interference curve. But in view of the: 
uncertainty of the hypothesis and the complexity of the result, it 
seems needless to expect assistance from this theory. 

The work so far described was performed with the Hertzian vibra- 
tor and receivers. I am not aware that any corresponding work has 
been done with spheres unless it is that of Lang' and of Bose.* Lang 
obtained interference effects by a method analogous to that of 
Quinke in sound. But it seems probable that reflections from the 
tubes to which the radiation was led would obscure the effect. Bose 
states that the radiation froma sphere under the conditions existing in 
his experiment gives a /xe spectrum from which the inference is to 
be drawn that the vibrations are not only simple but very slightly 
damped. He also states that the wave-lengths measured were inde- 
pendent of the periodicity of the receiver. If this were true it must 
have been on account of the dead beat character of the receiver— 
not on account of the method used. 

The experiments to be described in this paper will show (1) that 
the oscillation due to electrical disturbances on spherical conductors 
are for the most part, rather highly damped sine functions, (2) that 
the interference curve is influenced by the receiver—sometimes to 
such an extent as to change the apparent wave-length. 


3. APPARATUS. 

The interference device shown in Fig. I was patterned after 
Michelson’s simple but effective interferometer. Radiation coming 
trom the parabolic mirror 7 falls at an incidence of 45° ona Sefa- 
ating surface S which reflects part to J/7 and transmits the rest 


1 Victor von Lang. Phil. Mag., Feb. 1896. 
2Bose. Proc. Roy. Soc., Oct. 16, 1896. 
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which goes to 17. Ofthe radiation reflected from J/ and J/ the 
parts transmitted and reflected by S fall together upon FX (See Fig. 
1). Difference of path is obtained by the motion of one or both 
mirrors. To obtain as large an effect as possible in X the separat- 
ing surface should transmit and reflect one-half of the radiation fall- 
ing on it. For this purpose there were pasted on a piece of card- 
board, half a metre square, strips of tin foil 1x40 cms. Att first the 
adjacent edges of two neighboring strips were one centimeter apart. 
Later it was found necessary to remove every alternate strip, mak- 
ing the adjacent edges 3 cms. apart.'. The reflection and transmis- 






























































1This agrees with the conclusion of Lord Layleigh deduced from theory, viz.—a 
narrow aperture parallel to the electric vibrations transmits very much less than is re- 
flected by a conductor elongated in the same direction. Phil. Mag., April, 1897, p. 272. 
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sion powers of the grating were determined by well-known means 
and it was found that when the strips were parallel to the electric 
oscillations, this grating reflected and transmitted about half of the 
radiation falling on it. 

The wooden arms 0a and éc were grooved so that the supports car- 
rying the mirrors J/, J7 and P were movable along oa, 0b, oc. The 
angle aob was approximately a right angle and the mirrors were 
placed each normal to its arm by optical means. The mirrors J7 
and .J/’ were of plate glass with the silvered surface towards 0. The 
parabolic zinc mirror ? had a focal length of 2.5 cm., a height of 
40 cms. and an aperture of 30x40 cm. As it was intended to use 
waves not longer than 10 cm. the dimensions of J7 and J7 and of 
the aperture of / were large enough to obviate any serious diffrac- 
tion effects. The focal length of P was chosen about one-fourth of 
the wave-length in order that the direct and reflected waves might 
be in the same phase. But as the radiation was too strong (unless the 
galvanometer was short circuited) this precaution was unnecessary. 

The arrangement for the vibrator usually consisted of two spheres 
connected by fine wires to the secondary terminals of the induction 
coil and sparking to each other in oil. | Each sphere was screwed 
on the end of a hard rubber rod which passed through a rubber 
cork and this was inserted in a glass tube about Io cm. long and 
2.5 to 3 cm. in diameter. This tube was partially filled with oil— 
usually vaseline oil, sometimes paraffine oil. A small hole blown 
in the side of the tube allowed one, by rubbing paper between the 
spheres, to partially clean them without removing the vibrator from 
its position. Righi’s arrangement! was also used. Four hard rub- 
ber rods each carrying a sphere, were attached to a vertical rod in 
the mirror P. All distances were adjustable. The third sphere 
was fastened by means of melted wax in a small glass cylinder of such 
a size that it held sufficient oil for the spark gap and yet allowed the 
spheres 2 and 3 to approach until their surfaces touched. The ad- 
vantage of this arrangement was that all the spark gaps could be 
fairly well cleaned by paper without removing the spheres. The 
rod AB could be rotated so that the spheres could be brought out 
towards the aperture of ? or moved back to the focal line. 


1Righi, Mem, del R. Acad. dei Sc. del Inst. di Bologna, T. IV., 1894. 
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The receiver chosen for this experiment must fulfill certain condi- 
tions. It must be sufficiently sensitive to respond to radiation 
reaching it after reflection and diffraction, sufficiently constant to give 
quantitative results, and as we desire to determine the nature of the 
radiation it should respond equally well to waves of all periods sent 
out by the vibrator. Now it has been shown that Hertzian receivers 
do not fulfill this last condition. It was thought that a receiver 
which responds to electric waves of periods extending over a wide 
range would measure accurately the radiation falling onit. Having 
had some experience in the use of the coherer (as named by Lodge, 
though the name seems misleading) we thought that if it could be 
made constant it would answer our purpose. Consequently we useda 
Branley or Lodge receiver consisting of small nails or pieces of wire 
about I cm. long, in a glass tube 15 or 20 cm. long and filled with a 
lubricating oil. This was placed in the focal line of a semi-circular 
zinc reflector of aperature 10x20 cm. A sheet of tin foil over part 
of the aperture served to shut out, if necessary, part of the radiation. 
Lead covered wires connected the receiver with the galvanometer 
and battery which were enclosed in a tin box. Thus, with the ex- 
ception of the aperture of the mirror, the whole circuit was enclosed 
in metal. 

In order to make the deflections small enough to be read, the 
galvanometer, a simple D’Arsonval, was short circuited by a resist- 
ance varying from one-fourth to one-half of an ohm. It is hardly 
necessary to state that in finding the proper grating the ordinary 
phenomena of polarized radiation were observed. For example, if 
the receiver, grating and vibrator were placed in a line, with the 
grating immediately in front of the receiver and its strips horizontal 
(perpendicular to the vibrator), almost all the radiation passed 
through. If the strips were vertical only one-half passed through. 
A block of wood with its fibres vertical transmitted much less than 
it did when its fibres were horizontal. 

It was found that the receiver responded nearly as well when 
the electric oscillations were vertical as when they were horizontal. 
In this respect, therefore, it differs from the Hertzian receiver. In 
order that the diffracted and scattered radiation be as small as pos- 


sible, the axis of the mirror, and therefore, also the vibrator, were 
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3 
vertical, for in this position it was not necessary to have metallic 
ends in the mirror. In our experiments the total scattered radiation 
was only three per cent. of the effect when there was zero difference 
of path in the two beams. Considering the fact that the receiver 
was sensitive to radiation reaching it in all directions, whether 
from the air or from the wires leading to the galvanometer, and that 
it responded slightly to the long waves of the induction coil, which 
was not enclosed in metal, this result was felt to be satisfactory. 
A small induction coil with an ordinary automatic interruptor, 
operated by one storage cell, completed the apparatus. A number 
of interruptors were tried, but they were not found to be more con- 
stant than the one belonging to the coil, and were more complicated. 
Usually the key was closed for about one second. Closing it for a 
longer time did not increase the deflection, but only served to 
destroy the sparking surfaces. 


4. MEASUREMENT OF /. Fic. 2, CURVE I. 


This figure was found by taking the mean of four deflections for 
every position of the mirror which was moved always in one direc- 
tion and through 5 mm. each time. After 80 or 100 readings the 
vibrator became nearly useless, showing a deterioration with time. 
So in all observations after this the mirror was moved forward and 
back: ¢. g., to determine the relative readings for three positions, 
a, 6, c, the series a 6 ¢ 6 awas taken. If we are concerned with 
the wave-length and not with the interference curve it is necessary 
to find only the maxima and minima positions. But. the accuracy 
with which one of these positions can be determined depends on the 
sharpness of the curve at that point. Consequently the first step in 
the determination of 4 (er even of p) is to roughly plot the interfer- 
ence curve, observe the sharpness of the maxima and minima and 
choose the sharper of these from which is to be estimated the 
desired quantity. 

In order to see to what degree of accuracy 4 may be found, the 
positions of four successive minima were observed. The following 
results were obtained, the numbers referring to the position of the 


mirror on the scale 
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Second First First Second Mean for 

behind. behind. before. before. A2. 
apt. 8... 6.45 11. 15.55 20.2 4.58 cm. 
Papt. 2... 6.55 10.95 15.5 20.1 4.53 cm. 
Expt. 3... 6.5 | 10.97 15.53 20.17 4.55 cm. 


and the mean of these gives 4/2=4.56 cm. to within a fraction of 
one per cent. The vibrator consisted of two spheres 1.93 cm. in 
diameter arranged as in Fig. 1. 
5. EsTiMATION OF ‘0’.” 
It we accept the theory given on page 5 as correct we can from 
the curve find the logarithmic decrement of the vibrator. Let a, @,, 
a,, be readings for r=o=//4 and 4/2 respectively, then 


— a—da, 
al =—d=2 log 1 “2 


- a,—a 

¢ 37 ¢ 2 
Now the first minimum and maximum of the curve (1) correspond 
nearly with the values of +=//4 and 4/2 respectively. Using these 


values in the curve (1) we get, since @,=14.5, @,=3.3, @,=9.1, 
0=0.74. 


But it is certain that this theory, though it may apply when re- 
ceivers are used which are dead beat compared with the vibrators, 
does not apply in the case of Klemencic and Czarmak’s experiments 
nor in our own; for we have found that the interference curve is in- 
fluenced by the receiver—a fact which this theory neglects. How- 
i (which 
a,—aQ, 


ever, it is interesting to compare the values of 2 log 
we will call 0’ and which has some connection with the damping of 
the vibrator or receiver or both), found by Klemencic and Czarmak 
and others, for Hertzian vibrators and receivers, with the correspond- 
ing value for the spheres and coherer. Their values varied from 
0.3 to 0.5 while ours varied from 0.5 to 1. This indicates either a 
more complex radiation or a higher damping coefficient in the case 


of our apparatus than in that of the earlier experiment. But these 
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values (0.5 to 1) are considerably lower than that suggested by 
theory. For the amplitude of the oscillations produced by the dis- 
turbance of a distribution of electricity on a sphere is where a=ra- 
y 5 . 

dius of the sphere, =e 20° ame 7 . O= oe T =//2a. In the 
case of this vibrator a=1 nearly and A=9.+, hence d=4.5. This, 
however, is the case of an isolated sphere, a condition which does 
not exist in our experiment. But in later work we used one sphere 
and a small knob sparking to it and the value of did not exceed 
the value 1.0. Hence it appears either that 0’ is not equal to 0 or 
that Thomson’s theory does not agree with experiment.' 


6. INFLUENCE OF RECEIVER UPON THE INTERFERENCE CURVE. 

So far nothing has been said regarding the wave-length measured 
as to whether it is that of the vibrator or is due to a property of the 
receiver. It seemed that the period of the latter might depend: on 
(1) the dimensions and arrangement of the nails ; (2) the dimensions 
of the tube. In order to vary these quantities three other receivers 
were used. In receiver II there were nails like those in receiver I, 
but the tube and terminals were different. Receiver III had in 
place of nails, copper wire cut up into lengths varying from 2 mm. 
to 2 cm. In receiver IV were used steel spheres about 4 mm. in 
diameter. Two vibrators were used, No. 1 already referred to and 
No. 2, which differed from it only in having spheres .g3 cm. in 
diameter. The interference curves are given in Fig. 2. If the re- 
ceiver exercised no influence on the interference curve the curves 1, 
3, 5, 7, should be similar, as also should 2, 4, 6, 8. We reach, 
therefore, a very definite conclusion, the interference curve depends 
partly on the receiver. 

In the curves I, 3, 5, 7, we notice that 4 has approximately the 
value 9.2cm. This value then we take to be the wave-length of the 
radiation from vibrator I. 

The curve (No. 2) for vibrator 2 and receiver I was observed 
many times and it always assumed forms between the dotted and 
continuous lines of No. 2. It seems due to two components, one 
of wave-length 8.6 cm. and the other of half that wave-length. In 


J. J. Thompson, ‘* Recent Researches,’’ p. 370. 
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view of the fact that receivers II and III for this vibrator gave a 
wave-length of 4.2 to 4.4 cm., we are led to believe that the com- 
ponent of the shorter wave-length is due to the vibrator and that 
the other component, which is present probably to a slight extent 
in the radiator, owes its prominence to a resonance action of the 
receiver. The interpretation that receiver I has a period correspond- 
ing to the long wave receives confirmation in the fact that the curve 
for vibrator I has such well defined maxima and minima. But, 
whatever interpretation be placed on the interference curve, it is 
evident that it cannot always be taken to accurately represent the 
radiation. On the other hand the wave-length for either vibrator is 
maintained by all the receivers (leaving out curevs 6, 7, 8, for 
which the wave-lengths are very indefinite). This fact shows that 
our receiver has far less influence on the interference curve than has 
the Hertzian receiver. In other words, the damping coefficient of 
the former is far less greater than that of the latter. Our expecta- 
tion, therefore, that the coherer used is highly damped has been 
fulfilled, but it appears from our work that its damping coefficient 
is of the same order of magnitude as that of the vibrator and conse- 
quently it influences the interference curve. 

In view of this action of the receiver we are not able to accurately 
analyze the radiation, but using a number of receivers we are able 
to arrive at a fair estimate of its nature. We are thus led to state 
that the chief component of the radiation from spheres is due to a 
damped oscillation. 


7. DEPENDENCE OF A UPON VIBRATOR. 

Besides the vibrators 1 and 2 we used the following arrange- 
ments: Vibrator No. 3, consisting of one sphere of No. 1, to 
which sparked a small platinum bead. The interference curve is 
given in No. 1,. The wave-length is the same as that of No. 1, 
but the maxima and minima are less pronounced. Vibrator 4 dif- 
fered from No. 3 only in having one of the spheres of vibrator 2 in 
place of one from No. 1. The interference curve is that of 2.,. 
Here again the wave-length is the same as when the two spheres 
are used. We also used two steel spheres 0.79 cm. in diameter 
together and singly. Their curves, which are similar to those al- 
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ready found, are not given. The wave-length was about 4 c.m. 
Righi’s form of vibrator, with the two spheres of No. 1 sparking in 
oil and those of No. 2 sparking in air, was used. The wave-length 
was again approximately equal to that of No. 1. 

It is here seen that the wave-length is nearly proportional to the 
diameter of the sphere (the law is expressed more nearly by 
d=m(r+a) where m and a are constants and r= radius of the 
sphere), and that it is independent of the arrangement by means of 
which the discharge is brought about. I was not able to observe 
any change of wave-length due to a change of sparkling distance. 
It is interesting to compare the values of 4 obtained by other ob- 
servers with those which we have found. It will be seen that no 


agreement exists between the results of any two observers. 





Dia. of Value Arrangem't : Method of 
Spheres. ofA. of Vibrator. Receiver. Meas'g A. Observer. Reference. 
mm. mm. Nail 
39.7 88 Righi’s Coherer. | Interference Lang. 
24.4 82 ie sos through “ Wied. <Ann., 3, 
10.6 80 " | # two tubes. ss 1896. 
80. 200 Righi’s Silver on Interference Righi. |L’eclairage Elec- 
37.5 106 - Glass. Spark " | trique. No. 3, 
8. 26 e Observed. vi we p- 360. 1895. 
7.8 18.4 Lodge’s one Spiral spring Grating. Bose. Proc. Roy. Soc., 
Sphere. Coherer. LX, 361, 1896. 
19.3 91 Righi’s and Coherers. Interferom- See pages 13-16. 
9.3 43 Lodge’s. eter. 
7.9 40 
Length of Physical Review. 
cylinder. Thermo- | 1896. 
8x1 mm. 50 Righi’s element. ? Cole. Wied. Ann. 
Interference Lebedew. No. 9, 1895. 


1.3x0.5 * 6 ™ ™ 


Surely but one interpretation can be placed upon the values of / 
as found by Lang. It is that the wave-length measured is due 


chiefly to the receiver. 


8. DETERMINATION OF /. 


In order to determine accurately the index of refraction of a 
medium transparent to electric waves by the interferometer it is 
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necessary that we have an interference curve with well defined 
maxima and minima. The influence of the receiver on this curve 
is, of course, a matter of no concern except that it should assist in 
giving this definition. Neither does the question of the nature of 
the radiation concern us unless (what is exceedingly improbable) 
the medium in question exercises selective absorption for these long 
waves. 

To prevent the radiation which is reflected from the surfaces of 
the plate from reaching the receiver, the plate should be inclined at 
an angle to the rays. If the index of refraction is not much 
greater than unity, this precaution is unnecessary. If, however, the 
plate is kept normal to the rays, its thickness should be varied 
gradually through at least a wave-length and the mean of all the 
results taken.' 

In order to find the degree of accuracy with which the value of 
may be determined by this method, observations were made with a 
block of wood 8.2 cm. thick. The displacements of the first and 
second minima on both sides of the zero position, and with the block 
before either mirror were found. Using the formula p=(d+0) /d 
the following six values were obtained: 1.87, 1.80, 1.86, 1.83, 
1.88, 1.83; giving a mean of 1.845 with a mean square error of 
0.027. Inthese observations the fibres of the wood were horizontal. 
When the fibres were vertical the values 2.03, 2.01 were found. 
These results are sufficient to show (1) that the error in determin- 
ing m# need not exceed one per cent., (2) that the wood used is 
doubly refracting. 

Conclusion.—The points of difference between light and electric 
radiation which have been noticed in §2 tend to make the problem 
of the analysis of the radiation more difficult in the case of electricity 
than in that of light. For there are added to the variables of the 
vibrator those of the receiver. However, when we find that there 
is present in all the interference curves for one vibrator a certain 

' The only theory which appears to us to apply is complicated and will not assist us. 


The action on the receiver is given by 


‘2r as 
f v [olay year+ f [9(¢)+ (7) ]*a¢ where /(7) is found 


by taking account of the radiation reflected successively from the surfaces of the plate. 
This itself is a complicated expression. 
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element we are safe in saying that that element is due to an oscilla- 
tion of a definite period on the vibrator. We are not justified at 
present in going further than this. 

The following are the conclusions at which we arrive : 

1. The interference curves depend on both the vibrator and 
receiver. 

2. The influence of each of these varies. 

3. The logarithmic decrement of the receiver is of the same order 
of magnitude as that of the vibrator. 

4. The chief component of the radiation and the period of the 
vibrator may be determined from a number of interference curves. 

5. This receiver could be used to analyze the radiation where 
the oscillations are but slightly damped. 

6. The error in determining the index of refraction need not 
exceed one per cent. 

7. Progress is to be looked for in obtaining : (a) a more constant 
source ; (4) a more constant, dead beat, yet sensitive receiver. 

This research was carried on at the Ryerson Physical Laboratory 
under the direction of Head Professor A. A. Michelson, to whom 
as also to associate Professor Stratton, I am indebted for many sug- 
gestions and much encouragement. 


RYERSON PHYSICAL LABORATORY, 
UNIVERSITY OF CHICAGO, May 1, 1897. 
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MINOR CONTRIBUTION. 
On A PossinLE CHANGE OF WEIGHT IN CHEMICAL REACTIONS. 
By FERNANDO SANFORD AND LILLIAN E. Ray. 


HE investigation here described was suggested by the notable paper 
on the same subject published by Landolt in 1893.’ In this pa- 
per, Landolt refers to the fact that while the preponderance of experi- 
mental evidence is opposed to any change in the weight of a substance 
due to a change in its chemical structure, still different invectigations 
have led to conflicting results. For the purpose of making a conclusive 
test with a variety of reactions, Landolt, in the years 1890-92, made a 
very careful and exact series of weighings, both before and after their 
chemical reactions with each other, of substances sealed in glass tubes. 
The reactions investigated by Landolt were as follows : 
1. Reaction between silver sulphate and ferrous sulphate, producing 
silver and ferric sulphate. 
2. Reduction of iodine from iodic acid and hydriodic acid. 
3. Reaction of iodine and sodium sulphite, producing hydriodic acid 
and sodium sulphate. 
4. Reaction between chloral hydrate and potassium hydroxide, pro- 
ducing chloroform and potassium formate. 
5. Chloral hydrate and water, before and after solution. 
The table on next page shows the results of Landolt’s experiments.’ 
These results, obtained as they were with the utmost possible care 
and by the use of the best apparatus obtainable, leave the question as to 
the possible change of weight in chemical reactions still open. In the 
three silver reactions, the apparent loss of weight is, on an average, more 
than nine times as great as the probable error of weighing, and is, as 
will be seen by referring to the original paper, from two to five times as 
great as the maximum variation between any two weighings of a series. 
The six reactions between iodic acid and hydriodic acid likewise show in 
every case a loss of weight, which, while less regular than in the silver 
reactions, still averages nine times as great as the probable error of 
weighing. In the other reactions, the observed change was sometimes 
positive and sometimes negative, and in some cases less than the probable 
error of weighing. 


1 Zeitschrift f. physik. Chem. XII., 1, 1894. 2 Jbid, XI1., 31, 1893. 
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Weight of re- Observed Probable er- Change in 





, Experi- : : ; weight f 
Reaction. t b- h f h- pe mod 
cacti meee | Seuce.seh | change ie | rorofweieh- | Soeietee 
Silver Sulphate | Ta. | 114.2 g. —0.167 mg. | +-0.014 mg. | —0.146 mg. 
and ferrous | Ib. | «“ —0.131 “ | 0.020 * | —0.115 « 
sulphate. | IL. 11.3 |—0.130 | «0.012 « |—0.076 « 
; | la. 127.6 —0.047 («0.015 * | —0.037 « — 
Ib. os —0.114 “ 0.009 ** | —0.089 «* 
Todic acid and | Ila. 157.2 —0.103 “ 0.009 * | —0.066 « 
hydriodic acid. | IIb. - —0.102 “ | 0.011 “* | —0.065 “ 
IIIa. 314.5 “ —0.177 ‘ ** 0.008 ** —0.056 ‘* 
IIIb. o —0.011 “ *© 0.009 « —0.003 < 
a Ta. 157.0 | 40.105 “ 0.006 | 40.067 « 
Iodine and sodium | Ib. nies —0.031 ‘ *°0.012 *§ —0.020 ‘ 
sulphite. | Ila. 192.0 “ +0.002 ‘‘ 0.014 «* +0.001 ‘* 
| IIb. - —0.127 ‘ 0.012 * | —0.066 ‘* 
Chloral hydrate se ey rs -~ _ 
and potassium a are + 0.012 . 0.016 +0.006 
hydroxide. b +0.007 10.008 * 
Chloral hydrate | 416.0 « —0.003 “ | «0.009 « 


and water. 


It accordingly seemed to us worth while to make a similar set of 
weighings for another silver reaction which should be closely related to 
the one used by Landolt. ‘The reaction used by us was the reduction of 
silver from an ammonia solution of the oxide by means of grape sugar, 
according to the formula, Ag,O+C,H,,O,=Ag,+C,H,,O,. 

The method used was similar to the one employed by Landolt. The 
reagents were placed in separate sides of m shaped glass tubes provided 
with side tubes for filling. The tubes were made as nearly as possible 
alike, of the best German glass obtainable, and had a capacity of about 
250 cc. on each side, the connecting tube being only about one cm. in 
diameter. 

The silver solution for each tube was prepared by dissolving 100 
grams of silver nitrate in water, precipitating the silver oxide by am- 
monia gas, adding ammonia until the precipitate dissolved, and diluting 
with water to about 150 cc. This solution was placed in one side of the 
tube and a more than sufficient quantity of grape sugar solution to reduce 
the silver was placed in the other side. The total weight of the tube and 
contents was always in the neighborhood of 500 grams. 
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After two of the tubes were prepared in this way, their side tubes for 
filling were heated and drawn off, and the volumes of the two were com- 
pared by weighing them in water. An accessory glass tube was then 
prepared to be placed in the balance pan with the smaller tube, making 
the volume of the two equal to within less than one cc. to the volume of 
the larger tube. The tubes were then suspended from a balance, and 
their weights made equal to within one or two milligrams by first open- 
ing the larger tube containing the reagents and making its weight slightly 
greater than the combined weight of the other two tubes and permanently 
sealing it, after which the accessory tube was loaded with bits of fine 
wire until the equilibrium of the balance was restored, when it was also 
permanently sealed. As there was always a small loss of weight in seal- 
ing a tube, an additional weight of from five to twelve milligrams was re- 
quired to balance the tubes against each other in weighing. 

After the tubes were sealed, they were immersed in dilute sulphuric 
acid for several days, after which they were washed in distilled water and 
dried in an air bath at about go degrees. 

The weighings were all made by Miss Ray, on a balance made to spe- 
cial order by Schickert, of Dresden, in 1891. ‘The carrying capacity of 
the balance is 500 grams for each pan. It is provided with a mirror 
mounted upon the beam, and the deflections were observed by means of 
a telescope and vertical scale placed at a distance of 1.5 m. from the 
mirror. The balance was enclosed in a zinc case to insure uniformity of 
temperature, and was mounted upon a shelf supported by the heavy stone 
wall of a laboratory. ‘The balance, as used, gave a deflection for one 
milligram of about 2.3 cm. as read by the telescope and scale. 

The method of weighing was as follows: The resting point of the bal- 
ance was determined three times, each time by using five successive turn- 
ing points, and the mean of the three determinations was taken as the 
true resting point. ‘The loaded tubes were then suspended from hooks 
above the balance pans, the accessory tube and the few milligrams of ad- 
ditional weight necessary to produce equilibrium were placed in the 
proper pan, and the mean of three more resting points was determined 
as before. ‘The tubes were then removed, and the true resting point of 
the balance without load was determined as in the first case. 

The difference between the resting point with the loaded tubes and the 
mean of the two true resting points without load gave the deflection due 
to the difference of the two loads, and this deflection divided by the sen- 
sibility of the balance gave a weight, /,, which would, if placed in the 
proper pan, bring the balance to its true resting point. 

The tubes were then suspended from the opposite arms of the balance, 
and a weight, /,, which, if placed in the other pan, would bring the bal- 
ance to its true resting point, was determined by the process used in the 
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determination of /,. The same additional weights were always used 
with the accessory tube, and in no case was a rider used upon the beam. 

The balance arms were so nearly equal that /, and /, never differed by 
so much as 3 milligrams. It was found by computation that 4 — #, the 
true difference in weight of the tubes as calculated by the method of 
Gauss would in no case differ by as much as .oor mg. from the arith- 


metical mean of /, and /,, hence in the computations 4d — 2B = A, + Pr, 

The tubes, when not being weighed, were kept in a closed case which 
stood near the balance. ‘They were handled with a large piece of 
chamois leather held in the hand, and were frequently wiped off with this 
leather. It was know that this method of handling would likely give 
rise to irregularities in the weight of the tubes, but since it seemed neces- 
sary to handle the tubes in some such way while thoroughly mixing the 
reagents, it was thought best to do so all the time, so that the mixing 
might be done under normal conditions. 

A preliminary series of weighings was made in this manner with two 
tubes loaded with shot, the results of which are given below: 


Set I. Tubes loaded with shot. 
Weight of tubes 500 grams, approximately. 


Date, 1896. A—B. Date, 1896. A—B. 
Nov. 6, P.M. 1.28 mg. Nov. 25, P. M. 1.39 mg. 
| oe ae 1.46 ‘* Dec. 2, “* Loo 
“ 12, A. M. 1.56 ‘ * ZA. BS. a ** 
o eS. 1.29 *§ “< 35, F. Mi. 1.46 ‘ 
DR “ 136 a * 1.54 *“ 
om. * Lae: * a ~ 1.53 * 
‘mm * Lae * 


Mean value of 4 — 2 = 1.40 mg. 
Probable error = +0.02 mg. 
Maximum dif. between two weighings = 0.28 mg. 


While this series does not show the close agreement between individual 
weighings of the series made by Landolt, it still seemed to us to be close 
enough to detect any such change as was observed in his results. 

The following sets of weighings were all made with tubes prepared in 
the way already described, and as nearly as possible alike. That they 
are not all complete is owing to a tendency of the tubes to crack where 
they had been sealed off. Sets II and V were spoiled by one of the 
tubes cracking before the reaction had taken place in either tube, and in 
Set III, one tube cracked when only two weighings had been made after 
the reaction in the first tube inverted. 


-~ 
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In the data given below, the temperature in the balance case and the 
barometric height are given for each weighing. It will be seen that while 
some of the irregularities may be due to temperature changes, the baro- 
metric variations seem not to have affected the results. 


SET III. 











Date, 1897. | Temp. | Bar. A-B. 
Feb. 15, A.M. | 18.6 | 30.15 1.75 mg. 
“O17, «6 161 | 3007 | 179 * 
«  « PM, 18.0 | 30.19 2.00 * 
* 18, AM. 16.0 | 29.66 1.85 

“« PM. | 166 =| 29.45 1.85 “ 

“4s 17.0 | ee 2.10 “ 

19, « | 15.0 | 29.73 |° 2.08 « 
“© 22, A.M. | 15.0 | 30.28 | 1.89 « 
“23,0 13.0 | 30.43 | 2.00 « 
“94 6 14.9 | 30.38 | 190 « 
“oe PM, | 19 =©| «(3030 «| «192 « 
“25, AM. / 160 8 8©| 30.27 | 2.04 « 
“« «PM, 20.1 | 30.18 | 2.00 “ 





A-B=1.94+0.02 mg. 








After Reaction in B. 





Feb. 29, A.M. 16.0 29.94 1.99 mg. 
Mar. 3, P.M. 19.0 29.94 i * 








Apparent decrease in B=0.05 mg. 


SET IV. 


| 
Temp. Bar. | A-B. 











Date, 1897. 

Mar. 5, A.M. 17.3. | 29.98 | 2.26 mg. 
«  «& PM, 18.0 | 29.95 | 2.18 « 
“10, A.M. 15.8 | 30.30 2.24 
“6 PM, 18.2 , 30.25 2.22 * 
“ 11, P.M. 17.7 30.19 2.10 “ 
“12, A.M. 16.0 | 30.20 2.31 « 

“« PM. 17.8 30.16 2.22 * 
A-B=2.22+0.005 mg. 
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[Vor. V. 





After Reaction in B. 








Mar. 15, A.M. 


“é 16, ‘ 
sé 17, ‘6 
“ec 18, ““ 
5 E> 
« 19, AM, 
— eee 





A-B=2.27 +0.044 mg a 





After 


Reaction in A. 


16.0 
19.0 
17.0 
19.0 
19.0 
17.2 
19.0 


29.96 
29.92 
30.03 
30.00 
30.00 
30.08 
30.05 


2.10 mg. 
2.23 * 
2.16 ‘* 
2.08 ‘ 
2.59 * 
2.38 “ 
2.32 ‘* 


Apparent increase=0.05 mg. 





Date, 1897. 


Mar. 20, A.M. 


‘eé “é sé 
“ * Fa. 
“© 30, A.M. 
“« 3), « 
oe Pee. 
Apr. 1, A.M. 


A-B=2.30+0.025 mg. 


Date, 1897. 

Apr. 21, A.M. 

P.M. 
A.M. 
P.M. 
A.M. 
P.M. 
“ 24, A.M. 
« 25, P.M. 
“ 26, A.M. 


se “é 


“é 22, 


sc sé 


sé“ 23, 


sé “ec 


Apr. 27, A.M. 


sé 28, “< 

ee ae 
«“ 29, A.M. 
eM Pee 


— 


A B=2.40+0.018 mg. 


Temp. 


16. 
16. 
16.9 
14.5 
17. 
19. 
16. 





Bar. 
30.14 
30.14 
30.15 
30.35 
30.16 
30.09 
30.21 


2.37 mg. 


2.10 * 
2.29 * 
2.26 ‘* 
2.34 <‘* 
2.39 *< 
2.35 * 


Apparent increase=—0.03 mg. 


After Reaction in B. 


VI. 

Temp. Bar 
21. 30.25 
19. 30.28 
21.2 | 30.15 
19. 30.10 
18.1 | 30.20 
21. 29.97 
19.2 30.50 
24. 30.1 
21. 29.95 
18. 30.60 
18.4 30.21 
19.9 30.17 
18. | 30.14 
20.3 30.10 


Apparent increase=—0.04 mg. 





~ A-B=2.44+0.026 mg. 


A-B. 


2.35 mg. 
2.54 « 
2.33 « 
2.54 « 
2.42 « 
2.52 « 
2.64 « 
2.28 « 
2.34 « 


2.47 mg 
2.39 * 

2.37 * 
2.45 <“ 
2.32 * 
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After Reaction in A. 








Apr. 30, A.M. 19. 30.06 | 2.49 mg. 
o «PM, 21. « | 388 « 
May, 3, A.M. 20.5 29.94 | 2.42 « 
“_ « 19. 30.10 | 2.42 * 
“ % * 19. 30.12 2.59 * 
<6 6PM. 21. 30.15 2.60 ‘ 
«o %, A 19. 30.15 2.43 ** 
<6 6PM. 20. 30.08 | 2.34 * 

A-B=2.48 +0.023 mg. Apparent increase=0.08 mg. 


The following table gives a summary of the results: 





No. of Experiment. Wt. of Reagents. Observed Change. Prob. error. 
IITa. 120.9 g. —0.05 mg. +0.02 mg. 
IVa. “ —0.05 « | 0.049 « 
IVb. - +0.03 ** +0.069 << 
Via. ss +0.04 * | +0.044 “ 
VIb. “ 40.08 « | +004 « 


After the weighings were completed, one tube from Set IV and one 
from Set VI were opened, and the amount of reduced silver was deter- 
mined. ‘This determination gave for the tube from Set IV, 59.7 grams, 
and for the tube from Set VI, 61.9 grams. 

In Landolt’s determinations, the amount of reduced silver in experi- 
ment I was 38.2 grams. In experiment II it is not given, but supposing 
the reduction to have been complete, there would have been 60.03 grams. 
The average loss of weight for 100 grams of reduced silver was, accord- 
ingly, 0.32 mg. A corresponding loss in our weighings would have 
shown a change of 0.192 mg. after each reaction. ‘This is more than 
four times the probable error of our weighings, while the average change 
in weight observed by us was not greater than this probable error, and 
was sometimes positive and sometimes negative. 

It would seem from the above, that while our weighings show much 
greater irregularities than those of Landolt, they are still accurate enough 
to make it extremely improbable that the reaction used by us was accom- 
panied by any such change in weight as was observed in the similar reac- 
tion used by him. 


STANFORD UNIVERSITY, May 20, 1897. 
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NOTE. 


The American Association for the Advancement of Science.—The 
forty-sixth annual meeting of the A. A. A. S., held at Detroit, Aug. 9—- 
14, was distinctively a working meeting. ‘The general attendance was 
small, yet the sessions of the Physics, Section B, were always well at- 
tended by a particularly representative membership. ‘The regularity in 
this attendance contributed noticeably to the pleasure of the meeting, as 
did also the absence of the drifting element and those only superficially 
interested. The papers were above the average, both in number and 
quality ; but although the programme was strong, the discussions were 
notably weak. The housing of all sections in one commodious building, 
the Central High School, added materially to the comfort of the meet- 
ing. Less time than usual was devoted to social functions. The time 
lost by many of the executive officers of the Association on account of 
the old-fashioned organization being but poorly adapted to modern needs, 
is to be regretted, it is hoped that a remedy may be found by modify- 
ing the methods for transacting routine business. 

The officers of the Physical section were Carl Barus, Vice-President 
and Chairman of the section; Frederick Bedell, Secretary. For his 
opening address to the section, Vice-President Barus selected the subject 
‘‘Long Range Temperature and Presssure Variable in Physics,’’ after 
which thirty-eight papers were presented as follows: 

The Design, Construction and Test of a 1250 Watt Transformer, by 
Henry S. Carhart.—Electrolytic Action in a Condenser, by K. E. Guthe. 
—Stereoscopic Views of Spherical Catenaries and Gyroscopic Curves, by 
A. G. Greenhill.—The Treatment of Differential Equations by Approxi- 
mate Methods, by W. F. Durand.—A new Method of Solving Certain 
Differential Equations that occur in Mathematical Physics, by A. Mac- 
farlane.—The Magnetic Survey of Maryland, by L. A. Bauer.—The 
Transmission of Radiant Heat by Gases at Varying Pressures, by Charles 
F. Brush.—On the Rate at which Hot Glass absorbs Superheated Water, 
by Carl Barus.—A New Method of determining the Specific Heats of 
Liquids, by Robert L. Litch.—On the Coéfficient of Expansion of Cer- 
tain Gases, by Edward W. Morley and Dayton C. Miller.—The Effect 
of Heat on the Elastic Limit and Ultimate Strength of Copper Wire, by 
Frank P. Whitman and Mary C. Noyes.—A Method of obtaining Capil- 
lary Canals of Specified Diameter, by Carl Barus. —Kites and their Use 
by the Weather Bureau in Explorations of the Upper Air, by C. F. Mar- 
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vin.—Are Spectra, by Arthur L. Foley.—On the Brightness of Pig- 
mented Surfaces under Various Sources of Illumination, by Frank P. 
Whitman.—Note on the Construction of a Sensitive Radiometer, by 
Ernest Fox Nichols.—Photographs of Manometric Flames, by Edward 
L. Nichols and Ernest Merritt.—The Discharge of Electrified Bodies 
by X-rays, by C. D. Child.—The Electric Conductivity of certain 
Specimens of Sheet Glass, with reference to their Fitness for Use 
in Static Generators, by Dayton C. Miller.—Graphical Treatment 
of Alternating Currents in Branch Circuits in case of Variable 
Frequency, by H. T. Eddy.—On Simple Non-Alternating Currents, 
by Alexander Macfarlane.—Exhibition of Instruments for determin- 
ing the Frequency of an Alternating Current, by George S. Moler 
and Frederick Bedell.—The Predetermination of Transformer Reg- 
ulation, by F. Bedell, R. E. Chandler and R. H. Sherwood, Jr.— 
The Effect of Pressure on the Wave-lengths of the lines of the Emission 
Spectra of the Elements, by W. J. Humphreys.—A New Form of Coal 
Calorimeter, by Charles L. Norton.—Notes on the Recent History of 
Musical Pitch in the United States, by Charles R. Cross. —A New Form 
of Harmonic Analyzer, by Frank A. Laws.—The Determination of the 
Surface Tension of Water, and of Certain Aqueous Solutions, by Means 
of the Method of Ripples, by N. Ernest Dorsey.—The Series of Interna- 
tional Cloud Observations made by the U. S. Weather Bureau, and 
their relation to Meteorological Problems, by Frank H. Bigelow.— 
The Effects of Tension and Quality of the Metal upon the Changes in 
Length produced in Iron Wires by Magnetization, by B. B. Brackett.— 
The Measurements of Small Gaseous Pressures, by Charles F. Brush.—An 
Electrical Thermostat, by W. R. Whitney.—An Apparatus for Testing 
the Law of Conservation of Energy in the Human Body, by W. O. At- 
water and E. B. Rosa.—Electrical Resonance and Dielectric Hysteresis, 
by Edward B. Rosa and Arthur W. Smith.—On the Electrostatic Capacity 
of a Two-wire Cable, by G. W. Patterson, Jr.—A method for the Deter- 
mination of the Period of Electrical Oscillations and Other Applications 
of the Same, by Margaret E. Maltby.—The influence of Time and Tem- 
perature Upon the Absolute Regidity of Quartz Fibres, by Samuel J. 
Barnett. —On the Methods of Measuring Mean Horizontal Candle Power, 
by C. P. Matthews. 

The Association next meets at Boston, August 22, with the following 
officers: F. W. Putnam, President; L. O. Howard, Permanent Secre- 
tary; D. S. Kellicott, General Secretary ; F. Bedell, Secretary of Coun- 
cil; F. P. Whitman, Vice President and Chairman, Section B.; E. B. 
Rosa, Secretary Section B. 
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NEW BOOKS. 


The Mechanics of Pumping Machinery. By Jcvivs Weispacu and 
Gustav HERRMANN. ‘Translated from the second German edition by 
KarL P. DAHLSTROM, M.E. 8vo, pp. 300. The Macmillan Com- 
pany, New York, 1897. 

The modern text-books on pumping machinery accessible to the Eng- 
lish reader are mainly descriptive of types and of mechanical details. The 
student of theory has recourse to the German works of Redtenbacher, 
Meissner and Weisbach or to the French treatises of Gérardin, Berthot, 
Bresse or Collignon for satisfactory analytical discussions. 

The translation of this portion of Weisbach’s classic work will there- 
fore be welcomed by those who feel the need of a book of reference on 
pumping machinery which shall unite, with the descriptive matter a satis- 
factory demonstration of the theory involved. ‘The characteristic of 
Weisbach’s writings—his constant leaning toward practical applications 
of theory to the problems of ordinary practice—is common to this por- 
tion of his work. ‘The book will be especially acceptable to those desir- 
ing the solution of concrete examples. 

Chapter I. is mainly of historic interest and deals with the earlier forms 
of water elevators. In Chapter II. considerable space is devoted to the 
different forms of valves and pistons and to the mechanical action of re- 
ciprocating pumps whose theory is discussed in chapter III. The trans- 
lator has added modern data to his description of pump types. Weisbach 
does not treat fully the theory of rotary pumps, but Redtenbacher’s well- 
known treatise on turbines covers this field. Buchetti’s small work, 
published in 1895, gives methods of computing the dimensions for actual 
designs. 

Among the other forms of water raising machinery it is interesting to 
find a description of the pulsometer now much used for small lifts be- 
cause of its adaptability to the diverse conditions existing about open ex- 
cavations. 





ELoN HUNTINGTON HOOKER. 


Deductive Physics. By FRreperick J. RoGers. 8vo, pp. vi + 
260. Ithaca, N. Y., Andrus and Church, 1897. (Received. ) 














